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Abstract
Studies on hurricane evacuation behaviour focus primarily on why individuals do not evacuate
when they are instructed to, while few examine the reasons why individuals choose to evacuate
under conditions that would not require them to, termed shadow evacuation. Such behaviour
might delay the timely evacuation of more at-risk coastal residents. To better understand the
reasons for shadow evacuation, this study analyzes data from a household evacuation
behavioural survey administered between 2012-2013 to 479 households in Cameron, Hidalgo,
and Willacy Counties, Texas, known as the Rio Grande Valley. This area features a number of
Colonia neighborhoods with high rates of shadow evacuation in previous hurricanes. The
analyses describe and regress shadow evacuation intention by risk perceptions, information
reliance, preparedness level, previous experience, and selected geographic, social, and
demographic characteristics. Results of the analysis show that residents in colonias had a
slightly higher rate of shadow evacuation intention (OR = 1.28) than those from urban areas.
The ORs varied in some risk areas along with the impacts of gender, race, and language
preference. A follow-up regression analysis reveals that previous hurricane experience, risk
perception, and preparedness level could effectively mitigate residents’ shadow evacuation
behaviour. The findings of this study suggest opportunities for how local authorities can better
understand the causes of shadow evacuation and strengthen hurricane evacuation planning,
risk communication, and public education efforts to curb unnecessary evacuation.
Keywords: evacuation decision-making, hurricane evacuation behaviour, Rio Grande
Valley, shadow evacuation
xi., 136
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Chapter 1: Introduction
1.1 Description of the Proposed Study
Shadow evacuation is a phenomenon that has been observed during many hurricane
evacuations along the U.S. Gulf Coast (e.g., Hurricane Floyd, 1999; Hurricane Rita, 2005;
Hurricane Ike, 2008), but the reasons for why it occurs have not received due attention in
scholarly studies on hurricane evacuation decision-making. Shadow evacuation is generally
defined in hurricane evacuation behaviour studies as evacuation by those who are not advised
or required to; it is a protective action undertaken by individuals and households who perceive
their personal risk to be higher than what local officials and weather services communicate, and,
as a result, they over-respond by evacuating when they are not required to (Dash & Gladwin,
2007; Gladwin & Peacock, 1997; Lamb et al., 2012; Wolshon et al., 2018). Some studies (e.g.,
Lamb et al., 2012) have defined the term shadow evacuees as people who evacuate from areas
that are not in immediate danger and would not be required to evacuate, and asserted that the
term shadow evacuation should be inclusive of people who incorrectly believe that they reside in
a risk area, as well as those who believe they are at greater risk than they actually are.
However, shadow evacuation during hurricanes can also be spurred by factors such as
secondary hazards (e.g., high winds, flooding, tornadoes, power outages) that can spawn inland
and proximity to flood zones. Several evacuation studies have focused on the evacuation
behaviour of people who reside within official hurricane risk areas and evacuation zones, and
would be required to evacuate in the event of a hurricane (e.g., Basolo et al., 2017; Demuth et
al., 2016; Kyne et al., 2018; Lazo et al., 2015; Meyer et al., 2018; Trumbo et al., 2016), while the
reasons why people evacuate when they are not required to, whether they reside within or
outside of official hurricane risk areas, have long been understudied.
Understanding what motivates shadow evacuation during a hurricane is necessary for
coordinating evacuations more effectively and for building on the body of research on hurricane
1

evacuation behaviour and decision-making. Firstly, understanding why people evacuate when
they do not need to will illuminate the factors that lead to shadow evacuation, and how
individuals and households in areas that would not be required to evacuate perceive their
subjective and objective risks to hurricane-related hazards. This is integral for ensuring that
hurricane warning information can be better understood by those who receive it and for
developing targeted educational programs (Dash & Gladwin, 2007). It is also important for
reducing unnecessary evacuations, which merits attention because shadow evacuation can
result in a myriad of logistical and behavioural challenges, including increased demands on
transportation systems during an evacuation and increased exposure to risks during the
evacuation process. These and other issues are discussed in further detail in Chapter 2.
Secondly, shadow evacuation poses logistical challenges for emergency managers and public
officials who are responsible for ensuring a safe and coordinated evacuation, and it can also
impede the evacuation of populations that are objectively at higher risk and are required to
evacuate (Lamb et al., 2012; Wolshon et al., 2018). Therefore, understanding the reasons for
why this phenomenon happens can help practitioners and policy makers to make necessary
changes that can help to ensure evacuations are conducted more safely and effectively. Finally,
studying the reasons for shadow evacuation during a hurricane will contribute to and build on
existing research on hurricane evacuation decision-making. Research that reveals the
determinants of shadow evacuation can help emergency managers and public officials to better
predict shadow evacuation in their communities, develop more effective and clearer hurricanerelated risk communication, and manage hurricane evacuations more effectively.
This study aimed to achieve the following research objectives:
1. Describe the features of shadow evacuation in the Valley Study Area;
2. Test the relationship (i.e., [tendency]) between potential determinants and
shadow evacuation; and
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3. Conduct a stepwise regression analysis to determine the significant predictors of
shadow evacuation in the Valley Study Area, based on the abbreviated
Protective Action Decision Model.
The study utilized data that was collected during a hurricane evacuation behavioural study
(herein referred to as the initial study) conducted by the Texas A&M University Hazard
Reduction and Recovery Center. It examined the factors that affect shadow evacuation in the
Rio Grande Valley (RGV), in the state of Texas. The initial study was commissioned by the U.S.
Army Corps of Engineers (USACE) and surveyed residents of three counties in the RGV
(Cameron County, Willacy County, and Hidalgo County) between November 2012 and May
2013. For the purpose of the study, these counties are referred to as the Valley Study Area
(VSA). It should be noted that Starr County, which is also part of the RGV, is not included in the
VSA, and the initial study did not seek to include the evacuation behaviour of its residents.
Unlike Cameron, Willacy, and Hidalgo Counties, Starr County does not consist of any coastal
communities nor is it in close proximity to any of the coastal areas in the RGV. The initial study
sought to understand how the evacuation behaviours of residents who reside inland affect the
evacuation experience of those who reside in coastal counties, and Starr County is located too
far inland to study these effects.
The initial study aimed to understand how the general population of the VSA would
respond to an approaching hurricane. A descriptive analysis of the data revealed that while 90%
of respondents living in the hurricane risk areas accurately reported that they live in a hurricane
risk area, over half (53%) of those who live inland inaccurately reported that they live in a
hurricane risk area. This finding indicates that a substantial portion of the VSA population that
resides outside of the identified hazard risk areas identifies as residing within a risk area,
demonstrating a potential for a very substantial shadow evacuation from the VSA. The alarming
number of respondents who reside inland but reported living in a hurricane risk area illuminates
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the potential for high rates of shadow evacuation from the VSA and formed the primary
justification for using this data set to understand shadow evacuation behaviour in the VSA.
Both Cameron County (population 406,220) and Hidalgo County (population 774,769)
are inhabited by large populations (Lindell et al., 2013). Areas of Cameron County are located
inland while Hidalgo County is entirely inland; and although it has a smaller total population,
comparatively, areas of Willacy County are also located inland. Therefore, if over half of those
who live inland inaccurately reported living in a hurricane risk area, and, therefore, outside of an
evacuation zone, then it can be expected that a large number of people could evacuate from the
VSA, placing themselves and others at greater risk and potentially increasing loss of life,
particularly in the event of a Category 5 hurricane. This perspective remains unexplored in
studies on evacuation decision-making in the VSA. Finally, the initial study also revealed that
although the likelihood of incomplete compliance (i.e., ‘people failing to evacuate from areas
that would be advised to do so’) is likely to be prevalent through all levels of storm intensity,
between incomplete compliance and shadow evacuation, the latter is likely to be more prevalent
(Lindell et al., 2013, p. i). For the purpose of this study, shadow evacuation was situated in the
broader domain of evacuation studies as a protective action that is an outcome of individuals’
evacuation decision-making process, based on their subjective risk (i.e., perceived risk).

1.2 Statement of the Problem
Evacuations are a form of protective action undertaken when hazards pose imminent life
and death conditions. They involve the relocation of people from an area that is under threat to
one that is safer, and can differ in their characteristics, such as timing, duration, the degree of
pre-planning involved, the number of people involved, and the travel distance required to reach
safety (Lindell et al., 2019). Moreover, evacuations that involve the relocation of larger
populations can become further complicated by people who do not need to evacuate but overrespond to evacuation warnings by self-evacuating at their own risk. Dash and Gladwin (2007)
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discussed evacuations as a social process that occurs when an individual receives an
evacuation message and decides whether to leave or stay; a decision that is affected by the
complex relationship between compliance with evacuation messages and individual risk
perception. Stein et al. (2013) stated that no two hurricanes are the same because each is a
unique event that presents different experiences for different people.
According to Yin et al. (2016), the most common reason associated with evacuation is
feeling unsafe by remaining at home. However, shadow evacuees leave due to uncertainty
about whether they reside in a risk area or mistakenly think they are in a formal evacuation
zone; other reasons can include concerns for safety, overestimation of risk, and the influence of
social networks and information sources (Yin et al., 2016). Finally, shadow evacuations pose an
array of complex logistical and behavioural challenges that can exacerbate the management of
the evacuation process as a whole by increasing traffic congestion, inhibiting the egress of
higher risk individuals, and increasing clearance times (Lamb et al., 2012; Weinisch &
Brueckner, 2015). They increase the public’s exposure to risks and can result in a multitude of
challenges throughout the evacuation process. However, most research on evacuation
behaviour and decision-making has focused on people who reside in risk areas who should
evacuate, rather than on people who live in safer locations (Dash & Gladwin, 2007), such as
areas that are not in the immediate path of a hurricane and areas that are further inland and
away from the coast. Furthermore, the potential determinants of shadow evacuation proposed
for this study are more commonly used to study why people do not evacuate when they should,
and few studies (e.g., Arlikatti et al., 2006; Lamb et al., 2012) have attempted to test the
relationship between one or more of these variables and shadow evacuation.
Because existing research has focused primarily on areas that are more vulnerable to
hurricane-related hazards but have less than ideal levels of evacuation, and because it has
generally excluded areas that are objectively less vulnerable but have tendencies for higher
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evacuation levels than expected or desired, this study examined shadow evacuation within the
broader domain of hurricane evacuation behaviour and decision-making.

1.3 Valley Study Area
The RGV is an area in lower South Texas that is located next to the Rio Grande River
and situated within a major floodplain (Kyne et al., 2019). Its four counties (Hidalgo, Cameron,
Willacy, and Starr) collectively host more than one million people (Kyne et al., 2018; Kyne et al.,
2019). Because of its location along the Texas Gulf Coast, the RGV has been hard-hit by
several major hurricanes, including Category 3 and 4 storms like Hurricanes Ike (2008) and Alex
(2010), respectively, and Category 5 storms, such as Hurricanes Beulah (1967) and Dolly
(2008) (National Weather Service, 2017). Communities along the eastern coast of the United
States, including those along the Gulf of Mexico, are faced with the threat of hurricanes annually
(Basolo et al., 2017; Meyer et al., 2018; NSC, 2007, as cited in Solis et al. 2009). Several
hurricanes that have struck the RGV have led to significant loss of life and damage, and studies
on hurricanes along the Texas Gulf Coast have indicated increasing concerns with issues such
as significant population growth and misleading risk communication by public officials, (e.g.,
Huang et al., 2012, p. 283) and how these and other factors affect hurricane evacuation
behaviour and decision-making.
Hazards associated with hurricanes include storm surge and heavy winds, and are major
concerns along the coastline (Tahsin, 2014). Compounding these hazards are urbanization,
rapid coastal development, and population pressures created by increased population density in
coastal zones (Feldman et al., 2015; Whitehead et al., 2000). Though coastal communities are
at greatest risk of hurricanes, people located further inland can be vulnerable to secondary
hazards generated by hurricanes, including flooding from rainfall, inland tornadoes, and high
winds (Rappaport, 2000, as cited in Tahsin, 2014). Secondary hazards, including storm surge,
can bring the same force and intensity as hurricanes further inland. As a result, the risk to
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people varies according to the intensity of the hurricane, whereby Category 1 storms can affect
those who reside in close proximity to the coast, but a Category 5 hurricane can result in loss of
life and property damage in locations that are miles inland (Zhang et al., 2004). As shown in
Table 1.1 below, the State of Texas has five designated hurricane risk areas, each one
corresponding to a hurricane category per the Saffir-Simpson scale (Zhang et al., 2004). These
risk areas also represent the state’s evacuation zones in the event of a hurricane (National
Weather Service, 2015). The lower risk area numbers correspond to the areas of the RGV that
are in closest proximity to the coast; as the risk area number increases, the further inland the
area is. Parts of both Cameron and Willacy Counties fall within hurricane risk areas 1 to 5, while
Hidalgo County has no hurricane risk areas due to its location further inland (see Figure 3.1 and
Figure 3.2).
Table 1.1
State of Texas Hurricane Risk Areas in Accordance with Associated Storm Category (per the SaffirSimpson Hurricane Wind Scale).

Hurricane category

Risk area requiring evacuation

Tropical Storm &
Category 1

1

Category 2

1 to 2

Category 3

1 to 3

Category 4

1 to 4

Category 5

1 to 5

In their study on the influence of information seeking on evacuation decision-making in
the RGV, Kyne et al. (2019) found that the evacuation rate in the Valley is estimated to be
between 21% and 91%, depending on the hurricane category, and that the higher the perceived
risk associated with each hurricane category, the higher the hypothetical evacuation rates
observed. Given the population of the region, high rates of shadow evacuation have the
potential to result in evacuation delays for residents who reside in coastal areas, including more
7

socially and economically vulnerable populations, such as those who live in colonias.1
Moreover, the number of studies that have focused on evacuation decision-making in the RGV
specifically is scant, which leaves limited analyses on the diversity in education, occupation, and
socioeconomic statuses of the primarily Latino or Hispanic populations in the area (Kyne et al.,
2018). Therefore, the dissemination of relevant hurricane risk information to populations residing
in these vulnerable areas is a policy priority (Feldman et al., 2015). To address this gap, the
study used survey data that was collected from the general population of the VSA, and identified
the potential determinants of shadow evacuation for respondents from both types of
communities. Additionally, the study examined variances in likelihood of shadow evacuation
between the urban areas and colonias of the VSA.

Social Vulnerability in the Valley Study Area
To understand the effects of demographic, household, economic, and social factors on
hurricane evacuation decision-making, including shadow evacuation, it imperative to account for
the influence of social vulnerability on household contexts. In general, vulnerability can influence
when and how households arrive at their decision to remain or stay (Bowser & Cutter, 2015). It
is a dynamic measure of the propensity of an individual to incur hazard-related consequences;
this propensity can be influenced by a combination of physical, socio-economic, and
environmental factors (Cannon, 1994; Coppola, 2007; Ferrier & Haque, 2002; Levac et al.,
2012). While usage of the term “vulnerability” varies in the literature, a common factor between
the definitions is the conditions that characterize the context in which people live (Wisner et al.,
2004; Cannon, 1994; Ferrier & Haque, 2002). In the context of hurricane evacuation decisionmaking, Bowser and Cutter (2015) describe vulnerability as a “complex measure that has been
used as an explanatory factor in evacuation behaviour,” whereby the less vulnerable

Colonias in Texas are “unregulated subdivisions, developed without adequate infrastructure, and often built in unsafe flood plains.”
(Mukhija & Monkkonen, 2007, p. 477)
1
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populations evacuate, and the more vulnerable ones remain (p. 35). More specifically, social
vulnerability is a construct that is characterized by the interaction and intersection between
social and economic factors, such as race and wealth, which influences individual and
household vulnerability to hazards (Bowser & Cutter, 2015).
Few studies have focused specifically on the evacuation behaviours and decisionmaking of vulnerable communities in the Rio Grande Valley, including poor, coastal, and
minority populations (Kyne et al., 2019). Moreover, the region is one of the poorest in the
country, and few evacuation studies (e.g., Kyne et al., 2018; Kyne et al., 2019) have provided
insight into the evacuation behaviour and decision-making of its predominantly Hispanic
population, much of which lives in poverty (Kyne et al., 2019). Approximately 32.0%, 35.4%, and
31.1% of Cameron, Willacy, and Hidalgo Counties are living under poverty, respectively
(Census Bureau, 2016, as cited in Kyne et al., 2018). Studies have shown that ethnic minorities
and low-income households tend to be less prepared and experience higher levels of
vulnerability during disasters (Baker & Cormier, 2015; Cutter et al., 2006). Meyer et al.’s (2018)
research has demonstrated that social stratification based on factors such as race, income, and
gender affects how an individual experiences disaster, and that populations that are more
socially vulnerable than others are at a greater likelihood of experiencing increased risk and
slower recovery from disaster. And Bowser and Cutter (2015) have argued that despite being a
growing cohort, little research has focused on how non-English-speaking populations, who may
be isolated, less knowledgeable about disasters, and do not receive traditional warnings,
perceive and respond to their risk from hurricanes. Thus, social vulnerability can be the
difference between evacuation intention and actual behaviour (Meyer et al., 2018), and
understanding pre-hurricane vulnerability (i.e., the social, economic, physical, and
environmental contexts in which people live) is necessary for understanding the choices that
people make during a hurricane.

9

The initial study employed the use of personal interviews to collect survey data from
sample members of colonias who were deemed to have questionable literacy in either English
or Spanish. The significance of their inclusion is highlighted by the recognition that social
vulnerability in pre-hurricane conditions shapes the context in which people experience the
hurricane evacuation decision-making process. Therefore, this study includes an analysis of the
responses from the sample colonia populations so that the possibility of and reasons for shadow
evacuation in the VSA is inclusive of its diverse population, and so that the unique needs and
circumstances of more vulnerable communities may be brought to the forefront of research on
hurricane evacuation decision-making.

1.4 Significance of the Study
Research on evacuation behaviour and decision-making has been conducted in relation
to a variety of hazards, including hurricanes, wildfires, volcanic eruptions, floods, tsunamis, and
nuclear emergencies. More specifically, there has been extensive research conducted on the
reasons why people do not evacuate when they should. The role of warning message
characteristics, for example, has been an important area of focus for research on evacuation
decision-making (Drabek, 1986), alongside research on the decision-making process through
which people evaluate and perceive risk (Perry & Lindell, 1991). However, the same cannot be
said for research on the reasons why people evacuate when they do not need to. In some
studies, shadow evacuation is explicitly described as being beyond the scope of the research,
or it is mentioned to highlight the challenges associated with previous hurricanes without
discussing the reasons for why it happened. Dash and Gladwin (2007) asserted that while
understanding who does and who does not evacuate has been a “cornerstone” of research on
the pre-impact phase of hazards, shadow evacuation specifically is not well studied because
behavioural research tends to focus on people who should evacuate because they reside in
storm surge areas and other risk zones, rather than on people who reside in safer locations.
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This assertion supports the significance of this study and further emphasizes the need to
identify determinants of shadow evacuation, more specifically.

1.5 Central Research Question
Research on hurricane evacuation decision-making has demonstrated that when faced
with the decision to evacuate or stay in the event of a hurricane, a multitude of social, economic,
and psychological factors play an integral role in influencing people’s decision-making process
and shaping their final decision. This study was inspired by the potential for high rates of
shadow evacuation in the VSA and posed the following central research question: When
demographic characteristics, household context, previous hurricane experience, personal
preparedness, and information sources are controlled together into a prediction model of
shadow evacuation in the Rio Grande Valley, in the event of a hypothetical hurricane
evacuation, how does each predictor affect shadow evacuation? The research hypotheses (H)
posed for this study are outlined in Chapter 2, and the results of hypothesis testing are
discussed in Chapter 4.

1.6 Conceptual Framework
The study identified key potential determinants of shadow evacuation using an
abbreviated form of the Protective Action Decision Model (PADM). The original PADM asserts
that protective actions are undertaken following a process through which people assess the
threat they face and make decisions about adopting actions (Lindell & Perry, 2012); this makes
the PADM applicable to multiple types of crises (Sheldon, 2017). The PADM is premised on
behavioural responses to environmental hazards and integrates the way individuals process the
information they derive from various cues (e.g., social and environmental cues) and how these
cues influence a set of psychological processes through which people exhibit behaviour specific
to evacuation decision-making as a form of protective action (Huang et al., 2012). Because
shadow evacuation is a type of evacuation behaviour, it was examined under an abbreviated
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version of PADM by Huang et al. (2012; 2017) that is integrates psychological and socioeconomic variables to understand hurricane evacuation decision-making. This model is
discussed in further detail in Chapter 2.

1.7 Overview of the Methods
This study employed three types of analyses to address the research objectives. First,
descriptive statistics were employed to examine the prevalence of shadow evacuation in the
VSA, and to describe the sample population. Second, odds ratios were computed to reveal the
tendencies for shadow evacuation in urban areas and in colonias of the VSA. Finally, a
comprehensive analysis was undertaken in the form of a correlation analysis and regression
analyses. This allowed for the examination of the relationship between multiple variables of
interest and to study how the independent variables affect the dependent variable. This level of
analysis revealed the mechanisms through which shadow evacuation occurs when the other
variables are controlled. Details about the methods that were employed are discussed in
Chapter 3.

1.8 Outline of Study
This dissertation is comprised of five chapters: an introduction, a literature review, the
methods employed, the results and analysis, and a discussion. The literature review (Chapter 2)
situates the study in existing research on evacuation decision-making and risk perception and
defines and conceptualizes the variables of the study. The methods chapter (Chapter 3)
describes the procedures and instruments used to carry out the study and the methods
undertaken to conduct the study. The results chapter (Chapter 4) outlines the findings of the
study and reveals the outcomes of the hypothesis testing. Finally, the discussion chapter
(Chapter 5) will convey why the findings are important to the practice of emergency
management, outline the limitations of the study, and propose suggestions for further research.
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Chapter 2: Literature Review
Hurricanes can require mass evacuations in order to reduce loss of life and property
(Yang et al., 2016). Through disaster studies, the characteristics and features of this hazard are
better understood now than before; however, scientific advances in forecasting abilities and
warning times have not been accompanied by the appropriate advancements in preventive
adaptation (Meyer et al., 2014), particularly when considering the complexities of rapid
intensification, which is not only difficult to predict but can also amplify the destruction and loss
of life experienced (Balaguru et al., 2018, p. 4238). Moreover, rapid intensification was a notable
feature of the 2020 Atlantic hurricane season, during which ‘six of the seven named storms that
occurred between October and November underwent rapid intensification, becoming the most
on record for the Atlantic basin during this time and surpassing the previous record of three
rapidly intensifying named storms that was set in 2005’ (Klotzbach et al., 2021).
Behavioural studies on evacuation decision-making on the part of households (e.g.,
Basolo et al., 2017; Bowser & Cutter, 2015; Kyne et al., 2018) as well as government decisionmakers (e.g., Lindell, Lu et al., 2005; Lindsay, 2011; Zhou et al., 2017) make up a broad field of
research pertaining to hurricane risk perception. Existing literature focuses primarily on factors
that affect the decision-making of individuals who reside in areas that are deemed to be at
higher risk of a hurricane and would be advised or required to evacuate. Numerous studies
have sought to explain the extent to which variables such as demographic characteristics,
household context, personal preparedness, information sources, and previous hurricane
experience are reliable determinants of whether or not people residing in risk areas choose to
stay or leave in the event of an impending hurricane. But there is an insubstantial amount of
literature that provides a comprehensive understanding of whether the same determinants can
affect the decision to leave for those who are not required to evacuate. Research on hurricane
evacuation decision-making has provided insight into a multitude of processes, including how
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individuals perceive hurricanes and the risks associated with them, how official warnings and
social cues are interpreted, and, ultimately, what factors most frequently influence people’s
decision to evacuate or stay. But in addition to the challenges with motivating households in
high-risk areas to evacuate for a hazardous weather threat, there is a parallel problem of
overresponse, also referred to as shadow evacuation (Cuite et al., 2017; Dash & Gladwin, 2007;
Huang et al., 2012; Lamb et al., 2012; Weinisch & Brueckner, 2015; Zhang et al., 2007).
For the purpose of this study, shadow evacuation was operationally defined as
evacuation by respondents who would not be required to do so. The indicators for shadow
evacuation in this study were respondents’ intention to evacuate under certain storm conditions
(i.e., tropical storm and hurricane Categories 1 to 5) and the risk area associated with their area
of residence (i.e., official hurricane risk area or inland). Moreover, this study is a hypothetical
behavioural study and utilized data that captured what respondents intend to do in the event of
a hurricane in the VSA rather than what they did do during an actual hurricane. Therefore,
references to the intention to shadow evacuate are not meant to suggest that respondents who
would shadow evacuate would do so knowingly. Instead, “intention to shadow evacuate” and
“shadow evacuation intention” are reflect respondents’ intention to evacuate under storm
conditions that would not require them to in the context of a hypothetical behavioural study that
asked them to reflect on what they think they would do under certain storm conditions.
The phenomenon of shadow evacuation occurs when people who do not reside in a risk
area that has been designated as an evacuation zone choose to evacuate anyway (Cuite et al.,
2017; Lindsay, 2011), or what Weinisch & Brueckner (2015) refer to as “the voluntary
evacuation of people from areas outside a declared evacuation area” (p. 145). Shadow
evacuation occurs when people at “relatively lower risk” choose to evacuate, thereby causing
congestion on roadways and stress on shelters, and placing themselves at risk while making the
evacuation process more difficult for those who are at high risk (Gladwin, 2007; Huang et al.,
2012; Lamb et al., 2012; Weinisch & Brueckner, 2015; Zhang et al., 2007). While some studies
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have focused on the effects of specific factors, such as risk area accuracy on evacuation
decision-making (Arlikatti et al., 2016), studying the effects of individual determinants in isolation
of others provides a narrow understanding of what truly motivates people to stay or leave. More
specifically, if studies on why households do not evacuate when they should analyze the effects
of a multitude of determinants on respondents’ decision-making, then studies dedicated to
understanding shadow evacuation should do the same.
In his seminal work on hurricane evacuation behaviour, Baker (1991) asserted that,
when asked, people may find it difficult to accurately articulate how they arrived at their decision
to evacuate or not evacuate, and that the real challenge lies in explaining what makes some
people feel safe and others feel unsafe. A variety of literature has the potential to inform this
decision-making. This study utilized an abbreviated form of the Protective Action Decision
Model (PADM), as introduced and tested by Huang et al. (2012; 2017), to explain whether
demographic characteristics, household context, previous hurricane experience, personal
preparedness, and information sources were plausible determinants of shadow evacuation,
when mediated by risk perception. Conceptualized by Lindell and Perry (2004), the original
PADM predicts that residents residing in risk areas form perceptions about storm characteristics
based on the messages transmitted through various sources, including local authorities, such as
the National Weather Service, the news media, and peers; this information is then used by the
recipients of the message to form their own expectations about the personal impacts they may
experience (Huang et al., 2015; Lindell, Lu et al., 2005). Research on hazards poses several
hypotheses with respect to relationships between perceived risk and evacuation decisionmaking, and these hypotheses contribute to the PADM (Basolo et al., 2017). The PADM
theorizes that when a threat is perceived as valid and posing a risk, the decisions that
individuals make about undertaking protective actions are formulated through a process that is
contingent on a multitude of factors, including environmental and social cues, information
sources and their perceived credibility, accessibility of information, warning messages, previous
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experience with hazards, and receiver characteristics (Collins et al., 2018; Demuth et al., 2016;
Huang et al., 2012; Lindell & Perry, 1992; Lindell & Perry, 2004; Urata & Pel, 2018). Collectively,
these factors influence a set of psychological processes through which individuals must receive
and consider the cues and messages, which, in turn, produce their perceptions of the threat,
protective actions, and the stakeholders involved (Huang et al., 2012). It is important to note,
however, that “behavioural responses can be facilitated or impeded by situational conditions”
(Huang et al., 2012, p. 285). The model also suggests that when individuals receive information,
they seek to confirm it by evaluating social cues and considering factors such as cost, benefit,
stress, and effort involved with taking action. Individuals may then either do nothing differently,
adopt protective actions, or take initiative to reduce the distressed cause by the risk alert
(Sheldon, 2017). It is important to note, however, that individuals process information through
their personal social lenses and may arrive at different interpretations of that information despite
receiving the same message (Dash & Gladwin, 2007; Paton, 2007). Therefore, the PADM
theorizes that individuals’ decisions about protective actions are an outcome of their
psychological perceptions of risk and the context in which the decisions are made.
The abbreviated PADM proposes that “expected personal impacts completely mediate
the relationships of environmental [and] social cues and perceived storm characteristics with
evacuation” (Huang et al., 2015, p. 3). It asserts that individual characteristics, warning
information, and social and environmental cues directly affect perceptions of storm
characteristics; perceptions of storm characteristics then influence individuals’ risk perceptions
and final evacuation decision (Huang, 2014). The abbreviated PADM was best suited for the
purpose of this study due to its applicability as a multi-stage model of hurricane evacuation. The
conceptual model for the study is detailed in Section 2.5.
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2.1 Risk Perception
Risk as a Technical and Personal Concept
A review of the literature on hurricane evacuation decision-making reveals that
understanding why people make the decisions they do when faced with threats associated with
natural hazards, including hurricanes, cannot be done in isolation from examining how they
perceive their personal risk. Moreover, while risk is a technical concept that is widely studied in
hazards research, the literature rightfully focuses on risk as a personal or social construct.
Though the technical side of risk is important for understanding the probability and consequence
of natural hazards, it alone does not suffice for understanding what happens when these
hazards intersect with people. In other words, risk is both a technical and social construct, and
individuals’ social contexts are integral to their risk perception and evacuation decision-making
processes. To understand why some individuals or households evacuate when they are not at
risk (i.e., shadow evacuees), the myriad of factors that influence their risk perception need to be
understood. Furthermore, understanding their perceived risk also illuminates the effects of
potential predictors of evacuation decision-making because, as concluded in the literature, risk
perception has a strong effect on protective actions, including evacuation.
Risk is associated with uncertainty, likelihood, vulnerability, and exposure. Generally,
natural hazards studies define risk as the product of likelihood and consequence (Inouye, 2014;
Eiser et al., 2012; Ferrier & Haque, 2002; Levac et al., 2012; Meyer et al., 2018; Wachinger et
al., 2010). Likelihood refers to the probability that an adverse effect will result from an event
(Wachinger et al., 2010), and consequence describes the effects of the risk on people,
infrastructure, and the environment (Coppola, 2007). Furthermore, although the term risk is
used interchangeably with the term hazard, the distinction to note between them is that hazards
pose a potential threat to people and what they value, whereas risk is the probability of a
hazard’s occurrence (Ferrier & Haque, 2002). But risk is also experienced by individuals and
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shaped by a variety of factors. To understand risks associated with natural hazards, including
hurricanes, it is important to examine not only the physical characteristics of the phenomena but
also human actions and the conditions in which they are undertaken (International Council for
Science, 2008). A recurring concept in the hazards-based literature is vulnerability, which is
argued to influence individual risk perception in evacuation decision-making. While human
agency and social processes play an integral role in how we understand and plan for natural
hazards (Eiser et al., 2012), it is equally important to examine the role of vulnerability in
characterizing the individual contexts through which people experience hazards and assess risk
(Baker et al., 2009; Eiser et al., 2012; Stein et al., 2010; Tierney, 2014). Vulnerability is a
function of location, human activities, and social interactions; not only does it shape individual
resilience, it is an integral part of the context within which people experience hazards and
perceive risk (Eiser et al., 2012; Tierney, 2014). Individuals assess their vulnerability to hazards
subjectively and produce perceptions of their own risk that affect their evacuation decision,
which may or may not coincide with the expectations of public officials (Baker et al., 2009; Stein
et al., 2010). Similarly, Tierney (1994) asserted that individuals cannot objectively know their
actual risk because although they may have access to hazard and risk information, they will still
interpret this information through their own social lenses, thereby reducing the objectivity of their
risk determination.
A similar point of significance in the literature is that risk is not a binary concept, nor is it
determined by a linear process. Rather, it is a multi-dimensional construct that individuals
experience psychologically, socially, economically, and culturally (Dash & Gladwin, 2007;
Kasperson et al., 1988). In other words, risk is personalized because it is assessed to be aimed
at oneself (Liu et al., 2017). Slovic (1987) and Slovic and Peters (2006) described this as the
difference between risk as feelings, when individuals rely on instinct and intuition to react to a
threat, and risk as logic, when risk is analyzed based on reason and scientific deliberation.
Intuitive feelings are the primary method by which people evaluate risk (Slovic & Peters, 2006).
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In the context of natural hazards, individuals tend to personalize risk by seeking information
from multiple sources and using their social networks to engage in dialogue about the risk with
others (Dash & Gladwin, 2007). Through the process of personalizing risk, individuals’ abstract
notions of risk become concrete personalized assessments of their own risk and the risk to their
households (Mileti & Sorensen, 1987 in Hasan et al., 2011, p. 342). Therefore, the actions and
responses of an individual are based on their personalized risk perceptions, and these
perceptions are shaped by individuals’ personal characteristics and the context in which they
live (Hasan et al., 2011). While the technical assessment of risk is important, alone it is too
narrow to inform changes in policy and does not illuminate societal choices (Kasperson et al.,
1988).

Perceiving Risk
Though some studies have asserted that risk is both a technical and personal construct,
Gilbert White’s (1994) research on hazards found that risk perception is a function of distinct
environmental, technological, economic, and social factors, and that the social contexts within
which these factors are experienced affect the decision outcomes. Furthermore, the natural
hazards literature also establishes that understanding risk and how it is perceived by individuals
is critical for understanding why and how people, whether they are at risk or not, make the
decision to leave or stay in the event of a natural hazard, including hurricanes (Burnside et al.,
2007; Hasan et al., 2011; Lindell, Lu et al., 2005; Kim & Kang, 2010; Peacock et al., 2005;
Tahsin, 2014; Trumbo et al., 2016). Similar to risk, risk perception is also defined in a myriad of
ways in the hazards-based literature. Lindell and Perry (2012) asserted that risk perception can
be characterized by the “certainty, severity, and immediacy” of impacts to individuals (p. 623),
and Stein et al. (2013) based their definition of risk perception on individual sensitivity to the
magnitude of one’s personal risk, rather than their sensitivity to the nature of the hazard itself.
Tahsin (2014) asserted that risk perception refers to the subjective beliefs that people have
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about their vulnerability in the event of a disaster. The common thread between each definition
is the focus on the personalization of risk based on individual sensitivity to risk and the capacity
to prepare and respond accordingly. While objective risk is based on scientific data and is not
conditioned by individual beliefs and contexts, individuals and institutions use their personal and
collective perceptions of risk to formulate decisions and actions about a hazard rather than
objective measures of the threat (Ferrier & Haque, 2002). Perceived risk is associated with
personal value judgements that are formed through a cognitive process based on emotional
reaction instead of reason, hence why risk perception is as integral a factor in risk management
as are more scientific and objective components of the risk assessment process (Ferrier &
Haque, 2002).
Perceiving risk is a process that involves collecting, selecting, and interpreting
information about that which is uncertain, and perceptions can vary depending on the type of
risk, the context in which risk is experienced, individual personality, and individuals’ social
context (Wachinger et al., 2010). Furthermore, Eiser et al. (2012) asserted that the term
perception “implies that there is something ‘out there’ to be perceived” (p. 2012). Because
individuals can hold differing opinions when it comes to risk, a more neutral and preferable
phrase is “risk interpretation,” to refer to how individual outcomes and choices are made (Eiser
et al., 2012). But perhaps the most salient point in the literature about risk perception is that like
risk, it too is a social construct. Hazards and disasters illuminate not only people’s social
dependence on one another but also how they interpret risk and act on their interpretations
(Eiser et al., 2012). Individual risk perception is informed by both technical information on
hazards and the social processes through which individuals evaluate their own risk. Therefore,
risk perception is subjective and contingent on individual perceptions, context, and social
agreements, and there must be some flexibility in how risk perception is interpreted, particularly
in hazards research and practice.
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Role of Risk Perception in Evacuation Decision-Making
Risk perception is a key motivator and driver of hurricane evacuation behaviour and
community preparedness and response (Franck, 2008; Trumbo et al., 2016). It is a significant
factor in understanding the evacuation decision-making process because actions cannot be
motivated by hazards information and knowledge alone (Dash & Gladwin, 2007). Though there
may not be a consistent set of indictors across all research on evacuation decision-making,
studies have demonstrated that individuals’ perceptions of hurricane risk are influenced by a
multitude of factors, including cultural and demographic factors, previous hurricane experience,
social cues, and psychological factors. Therefore, households can perceive risk in different
ways depending on these variables (Bowser & Cutter, 2015; Dash & Gladwin, 2007; Lazo et al.,
2014; Stein et al., 2010; Stein et al., 2013; Tahsin, 2014; Zhang et al., 2007). Many of these and
other factors have been supported by the PADM (Stein et al., 2013). In turn, these factors
influence evacuation decision-making, including noncompliance with evacuation advisories and
directives (Stein et al., 2010; Stein et al., 2013). Furthermore, Stein et al. (2010) asserted that
the belief that disagreement between individual risk perceptions and those of government
officials through evacuation recommendations is a result of a lack of information on the part of
individuals may be incorrect, and that it is possible that the perceptions of the public are
accurate.
Furthermore, Stein et al. (2013) strongly asserted that perceived risk related to
hurricanes can be affected by the type of risks presented by hurricanes, and that public
compliance to official advisories is contingent on whether individuals perceive higher levels of
risk related to the hazard. Some studies have demonstrated the higher the perceived risk, the
greater the protective actions undertaken, including evacuation (Meyer et al., 2018). More
importantly, the decision to evacuate is integrally linked to awareness of personal risk (Urata &
Pel, 2018), and risk perception plays an integral role in how individuals arrive at their decision to
leave or stay. Whether examining people in an official evacuation zone who do not expect to
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evacuate or shadow evacuees who perceive higher levels of personal danger despite not
residing in an evacuation zone, understanding how individuals decide that an approaching
storm poses risk to them and their household is essential to modeling evacuation behaviour and
for determining how communications about risk can be modified to achieve the desired public
response (Dash & Gladwin, 2007). It is also important to note that individuals can experience
problems when assessing their personal risk because of difficulties in obtaining and processing
information (Turner, 1979). This is important because how the public responds to risk
information communicated by officials is a direct consequence of their risk perception.
With respect to protective actions, risk perception has proven to be a consistent positive
indicator and predictor of evacuation (Baker, 1991; Basolo et al., 2017; Bowser, 2013; Dash &
Gladwin, 2007; Dow & Cutter, 1998; Lindell & Perry, 2004; Meyer et al., 2018; Thompson et al.,
2017; Whitehead et al., 2000). In general, when individuals feel unsafe and consider themselves
at-risk from hurricane-related hazards, they are motivated to take protective actions and
evacuate to reduce their risk, while those who feel safe tend not to (Stein et al., 2013; Tahsin,
2014; Whitehead et al., 2000). However, while some research has established an association
between higher levels of risk perception and evacuation, other studies have not (Lazo et al.,
2014; Lindell & Prater, 2002). Furthermore, evacuation advisories are based primarily on the
risk of storm surge, and while some studies have concluded that this hazard may not factor into
the evacuation decisions made by residents who reside outside of risk areas and mandatory
evacuation zones (Stein et al., 2010), others have maintained that if individuals perceive
themselves to be at high risk of hurricane-related hazards and their adverse effects, they will
tend to evacuate regardless of their location (Stein et al., 2013). Furthermore, according to Stein
et al. (2013), people’s general sensitivity to risk is a stronger predictor of their evacuation
intention compared to perceived risk from storm surge. This is in part because rather than
weighing their risk for each individual hazard that may manifest, individuals assess their overall
risk from all hazards (Stein et al., 2013). Some researchers, however, have also posited that
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differences in perceived risks from various hurricane-related hazards, including wind and
flooding from storm surge, can influence evacuation decision-making because personalized risk
perceptions are more salient to protective action than general feelings (Lazo et al., 2015; Meyer
et al., 2018). In general, the literature reveals that individuals’ intention to evacuate increases
when they are subject to larger and more intense hazards, including higher category hurricanes
(Thompson et al., 2017).
Based on the context above, risk perception is a salient factor in people’s decision to
evacuate even if they are not at risk of experiencing hurricane-related hazards. Dash and
Gladwin (2007) and Lamb et al. (2012) asserted that risk perception is the most important factor
in shadow evacuees’ decision to evacuate. Dueñas-Osorio et al. (2012) and Bowser and Cutter
(2015) found that shadow evacuations result in part from overestimation of localized impacts.
Individuals residing in areas that would not officially be required to evacuate may still be at risk
of probable risks, such as high winds and flooding, which would motivate them to evacuate
despite official messaging to stay in place. For example, during Hurricane Rita, many people
evacuated from areas that were not advised to do so because they perceived personal damage
from hurricane-related hazards, such as wind and flooding (Stein et al., 2010). Shadow
evacuations are characterized by a lack of agreement between people’s risk perception and the
criteria public officials use to define the risk and establish evacuation areas (Stein et al., 2010;
Stein et al., 2013). Stein et al. (2010) suggested that shadow evacuees may discount
evacuation messages pertaining to designated evacuation areas and prefer to rely on their own
informal sources of information, including their social networks, thereby making official
evacuation advisories less relevant to them. Therefore, in the case of shadow evacuations, risk
perception is also a contributing factor to people’s decision to evacuate despite evacuation
advisories and directives that may advise them not to (Stein et al., 2010; Stein et al., 2013).
Understanding people’s risk perceptions to hurricane hazards is an integral part of
ensuring that risk communications and directives can be devised to reduce unnecessary
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evacuations. This study measured risk perception by respondents’ perceived likelihood of the
impacts they expect to experience as a direct result of hurricane-related hazards. These
impacts include expected damage (damage to community property and damage to personal
property from storm wind, storm surge, or flooding), expected injury (injury or death to self or
household members), and expected disruption (disruption to job and disruption to electrical,
telephone, or basic services). More specifically, the study hypothesized that risk perception will
be positively related to shadow evacuation, such that the greater the perceived risk of expected
damage, injury, or disruption, the greater the likelihood for shadow evacuation. The study also
hypothesized that when all potential determinants of shadow evacuation are entered into a
regression model, risk perception will mediate the relationship between the independent
variables and the dependent variable.

2.2 Shadow Evacuation
One of the most early (Wolshon et al., 2018) and commonly cited examples of a shadow
evacuation is the Three Mile Island nuclear power plant emergency of 1979. During the incident,
public officials relied on a verbal description of the hazard and the designated evacuation zones
in an effort to pre-emptively evacuate preschool children and pregnant women (Lamb et al.,
2012). Perfect compliance with the evacuation order would mean that approximately 2,500
people evacuated from within an 8-km radius of the plant (Flynn 1979); however, in reality, an
estimated 144,000 individuals from within a 24-km radius of the plant evacuated (Lamb et al.,
2012). Three Mile Island is a classic example of the influence of effective communication on risk
perception and the protective actions that are undertaken by the public.
Shadow evacuation has been a prevalent phenomenon during natural hazards such as
hurricanes. Dow and Cutter’s (2002) reflections on Hurricane Floyd include the assertion that
shadow evacuations contributed to high traffic levels, as the unnecessary evacuation of
residents living in counties outside the mandatory evacuation zones contributed to highway
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congestion along the coast between Florida and North Carolina. During Hurricane Floyd, “the
evacuation rate from noncoastal counties [in South Carolina] ranged from 21% in the northern
part of the state to 49% in the central area around Charleston, and averaged 28% along the
entire coast” (Baker, 2000, as cited in Dow & Cutter, 2002, p. 13). Of the more than 2.4 million
evacuees from the Galveston-Houston region during Hurricane Rita, 1.5 million resided outside
the designated evacuation zones, forcing some evacuees to remain at-risk (Bowser & Cutter,
2015). In their study on the role of risk, information, and location on evacuation decision-making
during a hurricane, Stein et al. (2010) drew on the results of a 2005 survey of residents from the
Houston metropolitan area post-Hurricane Rita and found that during the hurricane, 47% of
respondents who did not reside in an evacuation zone had reported evacuating. Some reports
indicate that during Hurricane Rita, more people died as a result of challenges specific to the
evacuation process than from the actual hurricane (Lindsay, 2011). During Hurricane Rita and
Hurricane Ike, a significant portion of the population in the Houston area was not under an
evacuation advisory but evacuated anyway, generating enough traffic congestion to cause a
multitude of challenges (State of Texas, 2010, as cited in Tahsin, 2014). According to Tahsin
(2014), Hurricane Rita shadow evacuees accounted for approximately 33% of the Harris County
population, and for Hurricane Ike approximately 16%. However, despite the difference in
percentage of shadow evacuees during Hurricane Ike, “the number of shadow evacuees was
comparable to the number of coastal residents that needed to be evacuated,” and this led to
significant traffic congestion on major roadways (Tahsin, 2014, p. 14).
the number of shadow evacuees was comparable to the number of coastal residents
that needed to be evacuated
Although the literature on shadow evacuation is not vast, research has sought to identify
and explain individual predictors of shadow evacuations. For example, the effects of predictors
such as information and message characteristics, classification of hazard zones, concern for
personal safety (Lamb et al., 2012), risk area accuracy (Arlikatti et al., 2006), and risk
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perception (Dash & Gladwin, 2007; Dow & Cutter, 1998; Stein et al., 2010; Stein et al., 2013) on
shadow evacuations have been at the forefront of hurricane evacuation studies. However, too
few studies have attempted to investigate the effects of multiple potential predictors on
evacuation decision-making together. Research has confirmed that people take protective
action from imminent disasters when they believe they are at risk. The decision to evacuate in
the event of an impending hurricane is complex and influenced by a multitude of factors (Hasan
et al., 2011; Lazo et al., 2015; Lindell & Perry, 2012; Morss et al., 2016; Whitehead et al., 2000),
such as demographic characteristics, previous experience with hazards, and perceptions of the
context in which evacuations take place (Arlikatti et al., 2006). Lamb et al. (2012) suggested that
demographic factors, for example, “have indeterminate effects on the likelihood of evacuation,”
increasing the likelihood of evacuation in some cases and decreasing it in others (pp. 272-273).
But much of this research is focused on the evacuation behaviour and decision-making
processes of those who would be required to evacuate in the event of a hurricane but do not,
rather than populations of potential shadow evacuees. Furthermore, although research has
attempted to quantify shadow evacuations, this has proven difficult due to the fact that shadow
evacuees evacuate at their own risk, making it difficult for emergency responders to monitor
their movement (Wolshon et al., 2018). Moreover, “the evacuation behaviour of all evacuees is
not determined by a common set of determinants” because “evacuees from officially designated
[risk and/or evacuation areas] respond to a different set of information cues, incentives, and risk
factors than evacuees residing in areas not designated for evacuation” (Stein et al., 2010, p.
817). On one hand, these differences can make it more challenging to study the predictors of
shadow evacuation because emphasis is placed primarily on determinants that influence the
evacuation behaviour at-risk individuals and households. However, these differences can also
present opportunities for policymakers to explore a multitude of options to better manage mass
evacuations (Dow & Cutter, 2000).
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Shadow Evacuation as Over-response
From a risk reduction perspective, evacuating people before a hurricane makes landfall
is a necessary action to save lives of at-risk populations and to reduce the potential for loss
(Kyne et al., 2019). Protective actions aim to “preserve public health and safety from an
environmental threat” (Cova et al., 2017, p. 4). With respect to hurricane threats, protective
actions are a function of environmental and information contexts, such as individual and
household characteristics, previous hurricane experience, perceptions of risk, and motivations
and barriers to action (Lazo et al., 2015). As such, protective actions in response to hurricanerelated threats are a function of risk perception (Lazo et al., 2015). Perceived risk from
hurricanes influences the public’s compliance with evacuation advisories, such that the higher
the perceived risk to life and property, the greater the likelihood that people will take a protective
action (Bowser & Cutter, 2015). Furthermore, protective actions are undertaken as a result of
feelings of danger that stem from a variety of social, personal, and environmental factors, which
is why the type of actions undertaken in response to a risk can vary widely between groups
(Bowser & Cutter, 2015).
A challenge for emergency management personnel is understanding the factors that
compel people to “overrespond and evacuate despite not being at any risk from an approaching
hurricane” (Bowser & Cutter, 2015, p. 37). Shadow evacuation is a consequence of a
household’s decision-making process; this process is influenced by individual preparedness and
risk perception (Dash & Gladwin, 2007; Tahsin, 2014). In their study on the effect of
authoritative information on evacuation, Lamb et al. (2012) found that shadow evacuation is
influenced by two main factors:
One subgroup of shadow evacuees incorrectly includes itself in the evacuation zone,
therefore having a higher likelihood of evacuation. A second group who accurately
determined its position outside the evacuation zone exhibited a relatively greater
concern for personal safety, property, and the inability to evacuate as a result of
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excessive traffic and flood-blocked roads than its counterparts outside the evacuation
zone. (p. 279)
Lamb et al. (2012) also acknowledged that a multitude of factors not included in their
study, such as anxiety, previous disaster experience, and access to resources, can also
influence people’s decision to evacuate when they are not advised to do so. And Bowser and
Cutter (2015) asserted that shadow evacuations develop when people do not understand the
threat of a hazard and overestimate the possible effects, and that while emergency managers
can generally expect 10% to 15% shadow evacuees, this percentage has ranged upward to
49% for some studied hurricanes.
Furthermore, shadow evacuations are the result of a lack of agreement between
individual risk perceptions and the risk criteria used by officials for defining evacuation areas,
which is determined primarily by hazards related to storm surge (Stein et al., 2010). If
individuals’ risk perceptions do not agree with officially designated risk areas, then the
assumption is that these individuals are without the necessary information about their actual
level of risk and this, in turn, influences their compliance with official directives (Dow & Cutter,
1998, 2000; Tahsin, 2014). However, it is not necessarily true that individuals who choose to
evacuate despite direction not to are doing so because they are without information about their
level of risk or because they do not understand how evacuation areas are identified. It is also
possible that people who live in non-evacuation zones are motivated to evacuate because they
anticipate experiencing the consequences (e.g., property loss and personal injury) of hurricanerelated hazards, such as wind damage and flooding (Tahsin, 2014).
Evacuees undergo a decision-making process to determine whether they will evacuate
or stay. Dash and Gladwin (2007) indicated that “those who should evacuate often do not, and
those who should not evacuate…often do” (p. 72), and this results from the complexity of the
evacuation decision-making process, which is influenced by a multitude of factors (Dash &
Gladwin, 2007; Hasan et al., 2011). Shadow evacuation is a response to a perceived threat that
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results from a combination of experiences, cues, and information that influence individual risk
perceptions that form the basis of protective action decision-making (Lindell & Perry, 2012). But
because it is evacuation that is considered to be unnecessary to those who direct and
coordinate evacuation efforts, it is considered an over-response on the part of households who
perceive themselves to be at greater risk from a hazard than they objectively are. According to
Zhou et al. (2017), decision-making is a process through which individuals select an optimal
scheme among numerous alternatives in order to achieve an objective. Moreover, individuals
also rely on information about storm characteristics (e.g., anticipated storm surge, wind speed,
and potential for flooding) to inform their evacuation decision (Meyer et al., 2018). In the context
of evacuation decision-making, individuals make their decisions in a context characterized by
varying levels of real and perceived risk, as well as social and economic constraints (Whitehead
et al., 2000).
Moreover, research on evacuation decision-making conclusively asserts that evacuation
decisions are best understood by identifying people’s threat perceptions (Baker, 1991; Dow &
Cutter, 2000; Huang et al., 2012; Riad et al., 1999). The evacuation response process is a
complex one that encompasses a multitude of factors that are personal, social, and experiential,
and when combined, these factors influence all aspects of hurricane decision-making (Bowser,
2013; Bowser & Cutter, 2015; Kyne et al., 2019; Lindell & Perry, 2004; Stein et al., 2013). Morss
et al. (2016) asserted that protective actions during hazardous weather events are influenced by
vulnerabilities, available resources, risk perceptions, and warning messages. Moreover, Hasan
et al. (2011) and Tahsin (2014) argued that to manage the evacuation process effectively,
emergency managers must develop a thorough and careful understanding of the determinants
of evacuation behaviour, because the decision to evacuate is not simply an individual decision
but rather a household aggregate decision.
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Challenges Posed by Shadow Evacuation
Shadow evacuation from safe areas can pose significant problems for emergency
planners and for people who are attempting to evacuate from areas that are at higher risk
(Bowser & Cutter, 2015). In addition to economic costs, the evacuation of people from outside
the designated evacuation zones can make the evacuation process more complex and difficult
for those who are in the designated evacuation zones. When a shadow evacuation is present,
individuals who would otherwise shelter-in-place become exposed in vehicles in congested
traffic, and they also increase the demands on temporary shelter capacity (Lamb et al., 2012). In
the case of hurricanes, evacuation zones can shift in accordance with changes in the course of
the storm, placing areas previously not at risk in danger and individuals who were previously
shadow evacuees in the position of actual evacuees (Lamb et al., 2012). Generally, the limited
research on shadow evacuation has illuminated various logistical and behavioural challenges.
Logistical Challenges. Shadow evacuations disrupt traffic patterns and leave those
who should evacuate exposed in coastal and other areas where the risk of impact from
hurricanes is higher, further complicating the evacuation process (Bowser & Cutter, 2015;
Tahsin, 2014). In their research on evacuation decision-making at the individual and household
levels, Dash and Gladwin (2007) examined how individuals respond to severe weather events,
including hurricanes, and the consequences that can result from unnecessary evacuations.
They cited the potential for those who are evacuating because of an objective risk to become
stranded as a result of traffic congestion caused by a mass outflow of evacuees as one of the
worst potential consequences. Hurricanes Floyd and Rita are events that exemplify the myriad
of layers that factor into evacuation decision-making and the outcomes that can result from
those decisions (Bowser & Cutter, 2015; Cuite et al., 2017; Dash & Gladwin, 2007; Dow &
Cutter, 2002; Huang et al., 2012; Lamb et al., 2012; Meyer et al., 2018; Stein et al., 2010; Stein
et al., 2013). In both events, mass shadow evacuations resulted in a transportation network that
became overwhelmed (Dash & Gladwin, 2007; Dow & Cutter, 2002; Lamb et al., 2012; Wolshon
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et al., 2018). Furthermore, transportation networks are highly important during evacuation. But
transportation networks that may already be overwhelmed during an evacuation can become
exacerbated during shadow evacuation, and unnecessary travel during life-and-death scenarios
can adversely impact the efficiency of travel within the systems (Wolshon et al., 2018). The
traffic congestion that is generated by people’s over-response to a threat can make it more
difficult for those who truly need to evacuate to leave the hazard zone, and can also extend the
overall evacuation time, leading to increased exposure to risk, increased risk of bodily harm,
longer clearance times, and loss of life and property (Baker, 1991; Dash & Gladwin, 2007; Lamb
et al., 2012; Stein et al., 2010; Stein et al., 2013). Moreover, a significant shadow evacuation
can also trap those who truly need to evacuate in a storm-surge zone as a hurricane
approaches the shore (Huang et al., 2012).
Wolshon et al. (2018) have also noted several of the above-mentioned logistical
challenges with shadow evacuation. In their pilot study on the effect of information and message
characteristics on shadow evacuation, the researchers analyzed the impact of shadow
evacuation on regional traffic operations in megaregions during a simulated flood event resulting
from a range of hurricane evacuation threats and scenarios in the Gulf of Mexico. Although the
broader findings of their study found that there was no significant impact from shadow
evacuation rates on evacuation clearance times in the mandatory evacuation areas, the study
demonstrated that “shadow evacuees caused significant congestion throughout the
megaregion, delaying larger portions of the evacuating public” (Wolshon et al., 2018, p. 17). The
study also concluded that the lack of significant impact from shadow evacuation rates on
evacuation clearance times does not suggest that shadow evacuations did not have any impact
on the evacuation process, and that high rates of shadow evacuation can lead to significant
traffic congestion if shadow evacuees cannot exit critical evacuation routes before those who
need to evacuate have fled the coast (Wolshon et al., 2018).
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There are inherent complexities associated with the coordination of mass evacuations, and
these complexities can become compounded by the problems associated with shadow
evacuation. However, although shadow evacuations that have occurred in previous hurricanes
have been cited in some literature, the reasons why they occur have not been at the forefront of
the broader research domain on hurricane evacuation decision-making. This warrants further
research on the phenomenon.
Behavioural Challenges. Shadow evacuation can also pose behavioural challenges. In
their study on evacuation decision-making during severe weather events, Stein et al. (2010)
examined the determinants of decision-making at the individual level and found that the problem
with mass evacuations in anticipation of natural hazards, including hurricanes, has less to do
with poor infrastructure (i.e., limited roads and evacuation routes) and is, instead, rooted
primarily in social behaviour captured by local information sources. “Individual evacuation
decisions are largely determined by the content and sources of information respondents rely on
for assessing the risk they face from an approaching hurricane, and by their perception of risk
from hurricane-induced hazards” (Stein et al., 2010, p. 830). Furthermore, Wolshon et al. (2018)
asserted that while shadow evacuation can occur for various reasons, it is heavily influenced by
people’s perception that an impending hazard can cause harm to them and their property, even
though this may not be the case objectively. Understanding this perception and the factors that
shape it is important from a practical perspective because emergency managers and other
public officials who are ultimately responsible for coordinating a safe and effective evacuation
must give careful consideration to what they communicate to the public and how. In other
words, public officials also play a key role in shaping people’s perception. To understand the
factors that influence evacuation, including shadow evacuation, Lamb et al. (2012) utilized a
mock television evacuation order to study the effect of authoritative information and message
characteristics in a simulated flood event. The study found that two major causes of shadow
evacuation are the incorrect classification of the hazard zone and concern for personal safety,
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and that while shadow evacuees may perceive themselves to be in less danger than those who
reside in an evacuation, they also perceive themselves to be at a sufficient level of risk to
warrant an evacuation (Lamb et al., 2012). In their discussion, the authors asserted that social
influence and groups norms can have a significant effect on evacuation behaviour.
Understanding these effects may contribute to the development of improved and more effective
public messaging (e.g., about hazard risks, risk areas, and evacuation zones), building public
confidence in public officials, and improving awareness amongst the general public to better
understand their own vulnerability and actual exposure to risk. Furthermore, if left unaddressed,
subjective perceptions of risk that lead to over-response by those who do not need to evacuate
will become more difficult to change. Public officials can address the behavioural aspects of
shadow evacuation by better understanding why people perceive themselves to be at higher
risk than they actually are and by developing messaging that is not only informative and
accurate, but also comes from trusted, persuasive, and credible sources.
Evacuation is a critical form of protective action aimed at reducing the loss of life during
a severe weather event, such as a hurricane. But shadow evacuation can pose significant
problems when roadways and shelters are used by people who do not need them (Dash &
Gladwin, 2007; Peacock et al., 1997). Moreover, shadow evacuees can also place themselves
and others are higher risk (Cuite et al., 2017; Huang et al., 2012; Lamb et al., 2012; Weinisch &
Brueckner, 2015; Zhang et al., 2007). In order to address the logistical and behavioural issues
associated with shadow evacuation, it is necessary to identify the potential determinants of this
phenomenon so that changes in evacuation policy and practice can be evidence-based.
In this study, shadow evacuation was the dependent variable and represented
respondents’ decision to evacuate during a hypothetical hurricane. Shadow evacuation was
measured by comparing how respondents answered when asked whether they would evacuate
under certain storm conditions (i.e., a tropical storm and hurricane Categories 1 to 5) with the
hurricane risk area associated with their area of residence. This comparison established
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whether respondents would evacuate under the appropriate storm conditions or if they would
over-respond by evacuating during a storm category that would not require residents in their risk
area to evacuate. The study also examined the effects of demographic characteristics,
household context, previous hurricane experience, personal preparedness, and information
sources on shadow evacuation in the VSA, and ascertained the extent to which they may
influence respondents’ decision to shadow evacuate. The measurement of the dependent and
independent variables is described further in Chapter 3.

2.3 Potential Determinants of Shadow Evacuation
A multitude of predictors can inform evacuation intent. The literature on evacuation
decision-making cites a multitude of plausible predictors of evacuation intention and response,
including personal risk perception, risk area, official warnings, type of dwelling, source of
information, storm severity, social and environmental cues, sheltering options, use of private
auto, housing type, risk from secondary hazards, and storm factors (Baker, 1991; Bowser &
Cutter, 2015; Huang et al., 2015; Lazo et al., 2014). There is, however, some discrepancy
between previous seminal work on hurricane evacuation decision-making and more recent
studies. For example, Baker (1991) has asserted that individual-difference variables, such as
demographic factors and previous hurricane experience, are either rarely or never related to
evacuation, and in the event of a relation, it is, at best, weak and inconsistent. Dow and Cutter
(1998) have also found no difference in evacuation decision in demographic factors and
previous experience, and Lindell et al. (2005) found that while evacuation decisions are strongly
correlated with factors such as proximity to coast and social cues, factors such as personal
hurricane experience and previous experience with evacuations are not significantly correlated
with evacuation decisions. However, other research (Collins et al., 2018) has found that social
factors (including demographic differences) and previous hurricane experience do affect
evacuation decision-making. Dash and Gladwin’s (2007) review on hurricane evacuation
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behaviour concluded that factors such as age, gender, race and ethnicity, income, previous
experience, and location, amongst others, are influential in evacuation decision-making, and
that these factors can both encourage and deter evacuation. Alternatively, Lazo et al.’s (2014)
study on factors that affect protective behaviour found that some factors that were deemed to be
correlated with evacuation decisions in previous work (e.g., sociodemographic characteristics
and understanding of risk area) are less robust predictors of evacuation. Finally, factors such as
income and education attainment have also been found to influence household evacuation
decision-making (Hasan et al., 2011).
The following sections summarize the literature on the independent variables of the
study, which were the proposed predictors of shadow evacuation in the VSA.

Demographic Characteristics
Studies on the effects of demographic factors, such as age, gender, and race, have
seen mixed results as to their reliability as determinants of evacuation decision-making (Huang
et al., 2015; Solis et al., 2009). The literature demonstrates consensus that demographic
characteristics do indeed have an influence on risk perception and evacuation decision-making;
however, the extent of the influence is an area that requires further confirmation. Moreover,
according to Bowser and Cutter (2015), although demographic characteristics can influence risk
perception, to study these factors in isolation of other factors is not enough to draw conclusions
with a high degree of confidence. For example, they asserted that while demographic factors
such as gender can provide compelling examples of their salience to hurricane evacuation
studies, other demographic factors, such as age, have been cited as influential but have never
been consistently proven as either positive or negative factors (Bowser & Cutter, 2015). They
also asserted that the intersection between these and other factors is inadequately captured in
large part because studies on hurricane behaviour tend to focus on variables such as age and
race as single, explanatory variables rather than on the intersection of these variables in specific

35

places (Bowser & Cutter, 2015). Solis et al. (2009) also asserted that demographic
characteristics have had mixed influence on household hurricane evacuation choice because,
as other studies have demonstrated, household evacuation behaviour is contingent on the
intersection between information about the hurricane characteristics and household
socioeconomic and demographic characteristics. This mixed influence is exemplified in several
studies, some of which suggest that demographic characteristics bear no association with a
household’s decision to evacuate (e.g., Baker, 1991; Dow & Cutter, 1998); others present an
opposing argument (Dash & Gladwin, 2007; Whitehead et al., 2000).
From their systematic literature review on evacuation from natural disasters, Thompson
et al. (2017) found that several demographic factors have emerged as predictors of evacuation
behaviour, including gender, age, and race. They found that the female gender “consistently
correlated with both evacuation expectations and evacuation behaviour during an actual
disaster;” that “[o]lder age was generally associated with decreased likelihood of evacuation,
although not uniformly;” and that “White/Caucasian individuals were most likely to actually
evacuate,” while “Black individuals reported greater intent to evacuate from a future disaster but
were less likely to evacuate in an actual disaster” (Thompson et al., 2017, p. 10). The authors
also found that female gender, younger age, and White race were the demographic factors that
were most commonly associated with evacuation and consistently emerged as predictors of
evacuation behaviour and decision-making throughout the literature (Thompson et al., 2017).
For the purpose of this study, age, gender, and race were analyzed as the
demographic characteristics that could be potential determinants of shadow evacuation in the
VSA. The study hypothesized that: age would be negatively related to shadow evacuation (i.e.,
younger respondents are more likely to shadow evacuate); female gender would be positively
related to shadow evacuation (i.e., female respondents would be more likely to shadow
evacuate than male respondents); and race would be positively related to shadow evacuation
(i.e., respondents of non-White origin would be more likely to shadow evacuate).
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Household Context
Household context can be characterized by a variety of factors, including household
size, the number of elders or children in the household, and type of dwelling, each of which are
strong predictors of evacuation (Dash & Gladwin, 2007; Kyne et al., 2019). Studies on the
effects of household context on evacuation decision-making have generated mixed results. For
example, some studies (e.g., Bateman & Edwards, 2002; Gladwin & Peacock, 1997; Smith &
McCarty, 2009) have concluded that household size affects evacuation decision, whereby larger
households will have decreased opportunities to make a decision, while Lazo et al. (2010) found
that it does not. However, with respect to the act of evacuating, it has been consistently found
that larger household sizes will experience decreased probability of evacuation (Bateman &
Edwards, 2002; Gladwin & Peacock, 1997; Smith & McCarty, 2009). Kyne et al.’s (2018) study
on hurricane evacuation decision-making demonstrated that the assumption that a greater
household size will result in decreased willingness to evacuate is not supported, and that
individuals in larger households showed a willingness to leave in major hurricane events, but
tended to remain in the event of a Category 1 or 2 hurricane. Similarly, Kyne et al.’s (2019) later
study on the same phenomenon found that households with two to four family members
positively associate with evacuation decision-making (i.e., are likely to make an evacuation
decision), but households with more than five members (i.e., larger households) demonstrate
the opposite association (i.e., tend to remain in their homes and not evacuate for a lower
category hurricane). Some reasons for this include the difficulties associated with logistics and
costs of evacuating when faced with financial constraints (Kyne et al., 2019). Their findings on
the influence of storm severity on evacuation decision-making are supported by other studies
(Dow & Cutter, 2002; Solis et al., 2010; Thompson et al., 2017).
Access to personal vehicles is also an important factor that has been studied in the
context of evacuation decision-making at the household level. Bowser and Cutter (2015) have
found consistent evidence in the literature on hurricane evacuation decision-making and
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behaviour that “residents rely on their private vehicles for transportation out of harm’s way” and
that some “residents take multiple vehicles” (p. 33). The effects of education level and income
on hurricane evacuation decision-making have also been studied but demonstrated inconsistent
conclusions (Lazo et al., 2015; Thompson et al., 2017). For example, several studies have
found limited evidence of an association between socioeconomic factors, including education
and income, and evacuation tendency (Baker, 1991; Huang et al., 2017; Meyer et al., 2018).
However, other studies have found some evidence of a positive correlation between education
and evacuation and income and evacuation, whereby individuals with lower levels of education
attainment or income are more likely to shelter in place, while those with higher levels of
education favour evacuation (Elliott & Pais, 2006; Gladwin & Peacock, 1997; Kyne et al., 2018;
Lazo et al., 2015; Tahsin, 2014; Thompson et al., 2017). These factors are important because
transportation access and evacuation costs can become barriers for low-income populations
(Meyer et al., 2018). However, Solis et al. (2009) cited several previous studies (e.g.,
Whitehead, 2003; Smith, 1999) that concluded that although higher income households may
possess the means necessary to evacuate, households with higher income can also display
lower probabilities to evacuate, and that this contradiction could be explained by the fact that
because households with higher incomes possess more capital goods, they may prefer to
remain in their homes to protect their property from post-storm looting. Furthermore, Bowser
(2013) rightfully asserted that factors such as income and education attainment are fraught with
peril because respondents may feel uncomfortable disclosing their income, which can lead
some studies to use education as a proxy. Limited guidance on how to use unreported data and
its use can lead to questionable results (Bowser, 2013).
For the purpose of this study, household context was defined by the number of
registered motor vehicles per household, annual household income, and the highest level of
education attained by respondents. The study hypothesized that: income would positively
related to shadow evacuation (i.e., households with a higher annual income will be less likely to
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shadow evacuate); education would be negatively related to shadow evacuation (i.e.,
respondents with higher levels of education attainment would be less likely to shadow
evacuate); and number of vehicles would be positively related to shadow evacuation (i.e.,
householders with a greater number of registered motor vehicles would be more likely to
shadow evacuate).

Previous Hurricane Experience
Studies on the effects of previous hurricane experience on evacuation decision-making
have revealed inconsistent results. Those that have specifically examined the relationship
between previous hurricane experience and protective action decisions (including evacuation)
have found mixed results (e.g., Huang et al., 2017; Lazo et al., 2015). Morss et al. (2016)
asserted that this is likely because the complex relationships between previous hurricane
experience and protective action decisions are shaped by different aspects of events and the
responses that characterize individual and household hurricane experience. This assertion is
supported in a multitude of studies (Baker, 1991; Dash & Morrow, 2000; Dow & Cutter, 2000;
Gladwin & Peacock, 1997; Meyer et al., 2013; Morss & Hayden, 2010; Lazo et al., 2015; Lazrus
et al., 2012; Peacock et al., 2005).
Some studies have demonstrated greater confidence in the effects of previous hurricane
experience on protective action decisions, including evacuation. Several have found that prior
experience and actions undertaken during previous hazard events are in fact relevant to
protective action and decision-making (Bowser & Cutter, 2015; Dash & Morrow, 2000; Demuth
et al., 2016; Dow & Cutter, 1998; Lazo et al., 2014; Lazo et al., 2015; Meyer et al., 2018; Tahsin,
2014). More specifically, past experiences with hurricanes are characterized by several nuances
and influences that shape individuals’ responses to threats (Demuth et al., 2016). In their study
on hurricane evacuation behaviour and decision-making, Bowser and Cutter (2015) found that
respondents who experienced damage to their households in previous storms were more
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inclined to evacuate in subsequent storms. They asserted that the aftermath of severe
hurricanes, even if in a different location, can invoke fear in populations outside of a danger
zone and lead them to evacuate despite recommendations by public officials. Their assertion is
exemplified through their case comparison between Hurricanes Katrina and Rita. In 2005, the
immense impacts of Hurricane Katrina, coupled with a failed federal response, led residents of
metropolitan Houston, Texas who were traumatized by the event to evacuate unnecessarily. But
despite this finding, Bowser and Cutter (2015) also asserted that although the role of previous
hurricane experience in decision-making and response is significant, it is also perplexing
because although some studies acknowledge the importance of previous experience, the extent
to which it actually influences evacuation response (both negatively and positively) remains
unclear.
Some studies have found that even those who may not have directly experienced a
severe weather event may be motivated to evacuate based on the experiences of others.
Therefore, the area where individuals live and their experience of living in a risk area after a
severe weather event can influence evacuation decision-making (Kyne et al., 2019). For
example, Okabe and Mikami (1981) found that individuals residing in areas that are not typically
flooded after rainfall may be more likely to evacuate compared to those who reside in areas that
do flood after rainfall. This is because those who live in flood-prone areas are accustomed to the
flooding and, as a result, may not be able to distinguish between everyday flooding and
hazardous flooding that is caused by major storms (Okabe & Mikami, 1981). On the other hand,
those who do not reside in floodplains may experience greater feelings of concern and fear than
those who experience routine flooding (Kyne et al., 2019). Overall, the literature provides
sufficient support for the notion that evacuation intentions are influenced by previous hurricane
experience in part because experience with a hazard leads to more accurate risk perceptions
for that hazard (Long et al., 2019; Meyer et al., 2018; Trumbo et al., 2016).
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Other studies have suggested that while it may seem intuitive that previous experience
with hurricanes will affect future evacuation decisions, there is little empirical evidence that
demonstrates a consistent relationship between the two variables (Baker, 1991; Basolo et al.,
2017; Eiser et al., 2012; Lazo et al., 2014; Lazo et al., 2015; Tahsin, 2014; Thompson et al.,
2017). Eiser et al. (2012) stated that while personal experience is used by individuals to make
decisions about how to respond to hazards in their environment, what is unclear is whether
individuals recognize the extent to which their decision to stay or leave is based on the biases
associated with their previous decision, and whether the future decision to evacuate is a
confirmation (or validation) of their prior judgements. Trumbo et al. (2014) asserted that
previous experience with hurricanes and heightened risk perceptions associated with hurricanerelated hazards may not necessarily translate into an increased inclination to evacuate due to
the fact that risk perceptions can fade over time following an event. Finally, seminal research
conducted by Baker (1991) on hurricane evacuation behaviour and decision-making has also
asserted that one reason there is mixed empirical evidence as to whether previous hurricane
experience effects evacuation decisions is that defining and measuring hurricane experience is
difficult; a claim that has also been supported by Lindell et al. (2005).
For this study, previous hurricane experience referred to instances in which respondents
have previously been in a community that was advised to evacuate from a hurricane and chose
to either stay or leave. The study hypothesized that previous hurricane experience would be
positively related to shadow evacuation (i.e., respondents who either stayed or evacuated from
a community that was advised to evacuate from a hurricane would be more likely to shadow
evacuate).

Personal Preparedness
Individual and household preparedness is integral to understanding hurricane
evacuation decision-making. Emergency management utilizes a tiered approach whereby the
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primary responsibility for personal preparedness in the event of a disaster rests with each
household, followed by local government and then ascending levels of government. Disaster
research and global policies on disaster risk reduction recognize that personal and community
preparedness are the first line of defence in reducing risk and mitigating the impact of hazards
(Basolo et al., 2017; Levac et al., 2012). But research has also shown that relatively few
households are actually prepared for the impact of natural hazards, including hurricanes (Basolo
et al., 2017; Mileti, 1999). Households may undertake a variety of actions in order to prepare for
severe weather events. Generally, preparatory actions for an evacuation can include proactively
identifying evacuation routes and reunification points in the event of separation from family
members; establishing a communication plan when cellular communication is disrupted; and
preparing a family emergency kit that includes essential items necessary to sustain each family
member for the duration of displacement (FEMA, 2019; Levac et al., 2012). How prepared
individuals and families are will influence their ability to respond during a disaster. But to
prepare, the public must have sufficient knowledge about the primary hazard and any
secondary hazards associated with it, as well as some belief in their capabilities and motivation
to be prepared (Levac et al., 2012). Moreover, understanding how household preparedness
levels influence evacuation decision-making may help emergency managers and public officials
better understand whether personal preparedness levels influence shadow evacuation.
The literature on factors that deter personal preparedness is inconclusive (Levac et al.,
2012); however, emergency preparedness at the individual and household level remains a
central concern in disaster research and practice (Basolo et al., 2017). Personal preparedness
in the event of a hurricane is essential for protecting lives and property, and understanding the
factors that motivate people to take the necessary steps to be prepared is essential for
developing more effective hurricane preparedness communication that motivates people to
adopt more robust and effective protective actions (Basolo et al., 2017). According to the United
Nations Office for Disaster Risk Reduction (2009), preparedness is defined as “[t]he knowledge,
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and capacities developed by governments, professional response and recovery organizations,
communities and individuals to effectively anticipate, respond to, and recover from, the impacts
of likely, imminent or current hazard events or conditions” (p. 21). Moreover, preparedness
levels are complex and dynamic because they require revisions and modifications based on
changes in personal and social contexts (Perry & Lindell, 2003, as cited in Levac et al., 2012).
Therefore, preparedness plays a key role in people’s real and perceived vulnerability and their
ability to respond effectively when faced with adversity (Levac et al., 2012).
Role of Preparedness in Protective Actions. A multitude of factors can motivate
individuals to engage in protective actions to prepare for disaster, including individual
perceptions about disasters and their potential for immediate impact, connectedness to
community, and self-efficacy to cope with adversity (Levac et al., 2012). According to Etkin
(1999) and Paton (2018), people’s perceptions about the level of preparedness needed is
proportional to their perception of the threat; people will adjust their behaviour and actions
according to their perceived level of risk. This is also referred to as risk compensation. Another
important consideration is that perceived preparedness levels may not coincide with actual
levels of preparedness. Although there is some evidence that perceived preparedness reflects
actual preparedness, the relationship between the two is not as well understood in part because
of the numerous decisions and actions required for preparedness compared to evacuation,
which involves a choice between only two alternatives (Basolo et al., 2017). Furthermore,
measures of perceived preparedness are sometimes used as measures of actual preparedness
(Basolo et al., 2017), which can generate false understandings of actual preparedness levels.
To be motivated into taking action, people must believe the potential consequences of a hazard
to be avoidable and take protective actions, and the greater a person’s confidence in their ability
to produce a successful response to the threat, the more likely they will be to engage in
protective actions, like personal preparedness; and in order to be motivated to take preventative
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action, people must also believe there is a high likelihood that the threat will become a real
event and be of great significance to them (Levac et al., 2012).
For the purpose of this study, personal preparedness was based on respondents’
possession of select items and arrangements (e.g., battery-powered radio, water supply, food
supply, first-aid kit, flashlight, spare batteries, sandbags, electric generator, plywood for home
protection, household emergency plan, and flood insurance) that would denote some level of
readiness in the event of an emergency. The study hypothesized that personal preparedness
would be negatively related to shadow evacuation (i.e., households with fewer personal
preparedness items would be more likely to shadow evacuate).

Information Sources
When deciding whether to evacuate from a hurricane, the public may rely on a variety of
sources for information on the threat and any necessary protective actions. For example,
television networks, radio stations, newspapers, the Internet, social media, warnings issued
from local public officials, and social connections, such as friends, relatives, and neighbours,
(Huang et al., 2012) are all sources that can provide people with information required to make a
decision and shape their personal perception of the risk. The extent to which individuals rely on
each of these sources of information can vary, but generally when choosing between
evacuation and staying in place people rely on others to help them through the decision-making
process (Tierney et al., 2001, as cited in Huang et al., 2012). When faced with uncertainty,
people place weight in their trust and beliefs about a source of information; trust influences the
perception people have about the source’s motives, competence, and ability to provide credible
information (Earle, 2004, Johnson-George & Swap, 1982, Kee & Knox, 1970, and Sjo¨berg,
1999, as cited in Paton, 2007).
Examining the extent to which people rely on various information sources is important for
understanding information-seeking behaviour, which in turn is essential for understanding how
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individuals incorporate these sources into their decision-making process (Kyne et al., 2019). In a
disaster, some of the primary sources of information that individuals rely on include face-to-face
interaction with public officials, including police and emergency personnel; informal sources,
such as friends, neighbours, and family; formal sources, such as television and radio; and social
media (Kyne et al., 2019; Thompson et al., 2017; Zhang et al., 2004). Local governments are
among the various stakeholders who are responsible for disseminating effective risk
communication to the public (Lindell et al., 2006, as cited in Kyne et al., 2018). Hurricanes and
their associated hazards can make it difficult for authorities to provide face-to-face warnings for
populations residing in at-risk areas, necessitating the need for warnings and threat information
to be disseminated through mass media channels, including radio and television (Zhang et al.,
2004). While television is the predominant source for warning information about approaching
hurricanes, the use of the Internet and social media by the public and emergency officials is
quickly succeeding it (Bowser & Cutter, 2015). Informal sources have also become integral to
hurricane risk communication, as residents of at-risk areas actively relay information about the
threat and protective actions to their peers (Gladwin & Peacock, 1997; Lindell, Prater et al.,
2005). Paton (2007) asserted that the relationship between a community and the source of
information is an important but often neglected one. In their review of the literature on the
determinants of household evacuation choice in Florida, Solis et al. (2009) found that social
interactions help individuals better digest information that is available through mass media,
thereby making these interactions more important than the warnings themselves. However,
some research suggests that while social interactions are influential in household evacuation
decision-making, the extent of their influence may be contingent on the hurricane category. For
example, in their study on information seeking and evacuation decision-making, Kyne et al.
(2019) asked respondents to speculate which sources of information they would actively use for
information in the event of a hurricane in the Rio Grande Valley. The information sources on
which respondents would base their evacuation decisions were authority recommendation,
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personal judgement, and recommendation from family and/or friends (Kyne et al., 2019). The
authors of the study concluded that evacuation decision-making based on personal judgement
is important in higher hurricane categories such that the decision to evacuate increased 23% in
Category 1 and 2 hurricanes to 25%, 27%, and 28% in Categories 3, 4, and 5, respectively.
Recommendations from informal sources, such as friends and family, became less important
than personal judgement in higher category hurricanes, while the majority of those who
evacuate rely primarily on authority recommendations (Kyne et al., 2019). In their study, Bowser
and Cutter (2015) also asserted that although evacuation notices from official sources are
important, the more people believe in the adequacy of their knowledge, the more motivated they
are to rely on their personal judgement for decision-making rather than expert opinion.
Effects of Information Sources in Evacuation Decision-Making. Studying
information-seeking behaviour is important to understanding evacuation decision-making
because the extent to which people refer to specific sources of information may influence their
evacuation likelihood. Research suggests that available information on hurricane risks and
protective actions is consumed by people through multiple information sources so that they may
consider their options and make a decision whether to evacuate or stay (Lazo et al., 2015). For
example, Kyne et al. (2019) asserted that those who seek information actively may be more
likely to encounter conflicting information due to the volume of nature they must contend with,
and this conflicting information may foster doubt amongst the information recipients.
Furthermore, understanding the various sources of hurricane risk information and how they are
used by individuals to make decisions about protective actions is important for local authorities
and emergency planners, as this understanding can influence actions and behaviours (e.g.,
non-evacuation from evacuation zones and evacuation from non-risk areas) and can be used to
improve future planning (Burnside et al., 2007; Feldman et al., 2015; Kyne et al., 2019; Lazo et
al., 2014; Thompson et al., 2017). Some studies (e.g., Baker, 1991) have concluded that
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information issued by public officials strongly affects household evacuation, while others have
found that reliance on informal sources of information, such as family and friends, is a more
important factor in evacuation decision-making than trust in public officials (e.g., Lazo et al.,
2015). In their meta-analysis of hurricane evacuation studies, Huang et al. (2015) found strong
support for their hypothesis that a warning from an official source is a strong predictor of
household evacuation due to public confidence in the source’s knowledge about the hazard and
accuracy in information transmission, confirming Baker’s (1991) conclusion. The authors also
proposed that while the effect of official warning on evacuation was expected to be mediated by
personal impact, the strong correlation between the two variables may be because some
individuals comply with authorities despite their personal risk assessments.
Finally, according to Levac et al. (2012) media is the primary source for receiving
information and warnings, and people’s access to media influences their knowledge and
motivation to prepare and take protective actions. More importantly, those who issue risk
messages are in control of message characteristics whereby they influence which messages
are developed, how they are presented, and to whom they are disseminated (Cuite et al., 2017).
Research on the influence of media sources on evacuation decision-making also illuminates the
fact that official warnings can be inaccurate, altered, or misinterpreted by media sources,
thereby resulting in rumours and misinformation, and a warning process that increases the
chances of confusion for the population in question (Bowser & Cutter, 2015; Levac et al., 2012).
In this study, information sources were grouped into three categories: intermediary sources (i.e.,
national TV networks, local TV stations, local radio stations, local newspapers, and the Internet),
authoritative sources (i.e., local officials and the National Hurricane Center), and peers (i.e.,
social media, friends, relatives, neighbours, or co-workers).
This study hypothesized that reliance on peers as information sources would be
positively related to shadow evacuation (i.e., households with greater reliance on social media,
friends, relatives, neighbours, or co-workers are more likely to shadow evacuate than
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households that rely on authoritative and intermediary information sources). Conversely,
reliance on intermediary information sources and reliance on authoritative information sources
would both be negatively related to shadow evacuation.

2.4 Methodological Challenges in Previous Studies
A review of the existing research on hurricane evacuation behaviour and decisionmaking, including the limited studies that have attempted to illuminate potential predictors of
shadow evacuation, has revealed some key methodological gaps and challenges. For example,
previous studies have lacked standardized definitions, including the definition of shadow
evacuation, which some studies have conflated with spontaneous evacuation, and have been
limited in their scope to focus solely on the effects of a single determinant on evacuation
decision-making in isolation of other social, economic, and psychological variables.
Furthermore, the limited studies on shadow evacuation have attempted to explain the
phenomenon without sufficient consideration for confounding variables. These gaps, combined
with a predominant focus on factors that affect the decision-making of individuals who are at
higher risk of hurricanes and would be advised to evacuate, contribute to the lack of consensus
in research on hurricane evacuation behaviour and decision-making. This study examined the
effects of multiple variables (i.e., demographic factors, household context, previous hurricane
experience, personal preparedness, and information sources) comprehensively to provide a
broader understanding of their plausibility as potential determinants of shadow evacuation when
mediated by risk perception.

2.5 Conceptual Model and Hypotheses
As demonstrated through the existing literature, shadow evacuation is a type of
evacuation behaviour. This study proposed that shadow evacuation is a protective action and
theorizes that the same mechanics that influence the decision-making of evacuees who should
leave also influence the decision-making of shadow evacuees. Therefore, the study examined
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the effects of several determinants of evacuation behaviour on shadow evacuation in the VSA.
Residents who indicate an intention to evacuate from an area that would not be required to do
so under certain storm conditions will comprise the population of potential shadow evacuees
from the VSA. The variables for the study were informed by a variety of factors. Firstly, this
study relied on the responses to the Rio Grande Valley hurricane evacuation questionnaire (see
Appendix A) that was originally designed to study evacuation behaviour in the VSA more
generally. The questionnaire elicited information from respondents on variables such as
demographic characteristics, information sources, previous hurricane experience, risk
perception, and others. Therefore, the initial study defined and measured aspects of hurricane
evacuation decision-making that may be applicable to a more focused study on shadow
evacuation. Although several other variables may have been selected for the purpose of this
study, the independent variables chosen for this study have been studied in previous hurricane
evacuation behaviour research, and therefore provide a sound, evidence-based foundation on
which this study is situated. Moreover, certain variables from the abbreviated PADM were not
within the scope of the initial study, such as environmental and social cues and official warning,
and therefore were not be measured through the survey instrument. Finally, the literature review
on hurricane evacuation behaviour revealed the prominence of factors such as household
context and personal preparedness in understanding evacuation decision-making, including
shadow evacuation. Table 2.1 outlines the breadth of literature that discusses the independent
variables of this study as either having a significant or non-significant effect on evacuation
behaviour, including shadow evacuation, but nonetheless acknowledges the merits of analyzing
each of these variables in further studies.

49

Table 2.1
Literature Sources Pertaining to Independent Variables of Study

Study variables

Literature sources and empirical evidences

Risk perception

Baker (1991); Basolo et al. (2017); Bowser (2013);
Bowser & Cutter (2015); Burnside et al. (2007); Dash
& Gladwin (2007); Dow & Cutter (1998); DueñasOsorio et al. (2012); Franck (2008); Hasan et al.
(2011); Lamb et al. (2012); Lazo et al. (2015); Lindell
et al. (2005); Lindell & Perry (2004); Kim & Kang
(2010); Meyer et al. (2018); Peacock et al. (2005);
Stein et al. (2013); Tahsin (2014); Thompson et al.
(2017); Trumbo et al. (2016); Urata & Pel (2018);
Whitehead et al. (2000)

Demographic characteristics (i.e.,
age, gender, race)

Bowser & Cutter (2015); Dash & Gladwin (2007);
Huang et al. (2015); Solis et al. (2009); Thompson et
al. (2017); Whitehead et al. (2000)

Household context (i.e., income,
education, number of vehicles)

Baker (1991); Bateman & Edwards (2002); Bowser
(2013); Elliott & Pais (2006); Gladwin & Peacock
(1997); Kyne et al. (2018); Kyne et al. (2019); Lazo et
al. (2010); Meyer et al. (2018); Smith (1999); Smith &
McCarty (2009); Tahsin (2014); Thompson et al.
(2017); Whitehead (2003)

Previous hurricane experience

Baker (1991); Basolo et al. (2017); Bowser & Cutter
(2015); Dash & Morrow (2000); Demuth et al. (2016);
Dow & Cutter (2000); Eiser et al. (2012); Gladwin &
Peacock (1997); Huang et al. (2017); Lazo et al.
(2014); Kyne et al. (2019); Lazo et al. (2015); Lazrus
et al. (2012); Lindell et al. (2005); Meyer et al. (2013);
Morss & Hayden (2010); Morss et al. (2016); Peacock
et al. (2005); Trumbo et al. (2014)

Personal preparedness

Basolo et al. (2017); Etkin (1999); Levac et al. (2012);
Paton (2018)

Information sources

Baker (1991); Bowser & Cutter (2015); Burnside et al.
(2007); Feldman et al. (2015); Gladwin & Peacock
(1997); Kyne et al. (2019); Lazo et al. (2015); Levac et
al. (2012); Lindell et al. (2005); Paton (2007); Solis et
al. (2009); Thompson et al. (2017); Zhang et al. (2004)

Given the interest by many disaster researchers in the variables outlined in Table 2.1, they have
been incorporated into the methodological approach for this study.
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Figure 2.1 below depicts the conceptual model for the study based on the abbreviated
PADM and also depicts the predicted path for each independent variable in relation to shadow
evacuation. While the abbreviated PADM by Huang et al. (2012) examined the effects of
multiple variables on respondents’ decision to leave or stay, this study utilized the abbreviated
PADM to examine a specific outcome behaviour (shadow evacuation). Moreover, the
abbreviated PADM has been used in previous hurricane behavioural studies that required
respondents to recall their actions and decision-making during an actual hurricane event. This
study utilized primary data from a hurricane evacuation behaviour study that asked respondents
to reflect on what they would do in the event of a hypothetical hurricane. Therefore, in the
context of this study, it is important to note that there can be a difference between what
respondents intend to in the event of a hurricane and what they may actually do. As such, the
abbreviated PADM was used to determine whether households’ intention to shadow evacuate is
influenced by demographic characteristics, household context, previous hurricane experience,
personal preparedness, and information sources, and whether risk perception mediates this
relationship.
Figure 2.1
Conceptual Model for the Proposed Study Based on Abbreviated PADM by Huang et al. (2012; 2017)

51

The study investigated the factors that most directly determine shadow evacuation in the VSA
and yielded the following research hypotheses (H):
Demographic Characteristics
H1: Age will be negatively correlated to shadow evacuation in both urban areas and colonias.
H2: Female gender will be positively correlated to shadow evacuation in both urban areas and
colonias.
H3: Race will be positively correlated to shadow evacuation in both urban areas and colonias.
Household Context
H4: Income will be positively correlated to shadow evacuation in both urban areas and colonias.
H5: Education will be negatively correlated to shadow evacuation in both urban areas and
colonias.
H6: Number of vehicles will be positively correlated to shadow evacuation in both urban areas
and colonias.
Previous Hurricane Experience
H7: Previous hurricane experience will be positively correlated to shadow evacuation in both
urban areas and colonias.
Personal Preparedness
H8: Personal preparedness will be negatively correlated to shadow evacuation in both urban
areas and colonias.
Information Sources
H9: Reliance on peers as information sources will be positively correlated to shadow evacuation
in both urban areas and colonias.
H10: Reliance on intermediary information sources will be negatively correlated to shadow
evacuation in both urban areas and colonias.
H11: Reliance on authoritative information sources will be negatively correlated to shadow
evacuation in both urban areas and colonias.
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Risk Perception
H12: Risk perception (expected damage, expected injury, and expected disruption) will be
positively correlated to shadow evacuation in both urban areas and colonias.
Intention to Evacuate (Shadow Evacuation)
H13: When other variables are controlled in the prediction of shadow evacuation, risk perception
will have a statistically significant regression coefficient.
H14: When other variables are controlled in the prediction of perceived risk, age, gender, race,
education, income, number of vehicles, previous hurricane experience, personal preparedness,
and information sources will all have statistically significant regression coefficients.

2.6 Conclusion
Evacuation plans can be developed, and resources can be allocated to support at-risk
populations in hurricane-prone areas. However, to do so effectively, a number of factors that
influence evacuation behaviour must be considered, including demographic context, household
context, previous experience with hurricanes, personal preparedness, and information sources.
Furthermore, to effectively understand individuals’ evacuation decisions, it is important to
understand the context in which these decisions are made. This study examined how the
above-mentioned factors may affect the potential for shadow evacuation in the VSA. To
understand the reasons why people shadow evacuate, it is important to acknowledge that risk
can be perceived both objectively (i.e., based on information and facts about the hazard) and
emotionally (i.e., risk as feelings), and how people perceive risk to themselves and their
community can affect their decision to stay or leave.
The following chapter describes the methods that were used to survey the residents of
the VSA and the data analysis methods employed to achieve the research objectives of the
study.
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Chapter 3: Research Methods
This study employed quantitative research strategies, including cross-tabulation
analyses and a series of tests to a causal model. This approach allowed for the examination of
relationships among variables to test objective theories, control for alternative explanations, and
generalize and replicate the findings (Creswell, 2014). Furthermore, the study utilized an
explanatory design to examine the effects of predictors and identify the causes of shadow
evacuation in the VSA. An explanatory design is most appropriate for the analysis of
relationships or trends using quantitative data while allowing researchers to address potential
underlying mechanisms or reasons (Patten & Newhart, 2018). Quantitative data was used to
describe the sample population’s hurricane risk perception and evacuation decision-making.
Descriptive and inferential statistics were employed to compare the predictors of shadow
evacuation between urban areas and colonias and to determine which predictors produced the
strongest effect on shadow evacuation in both samples.

3.1 Study Data
Data Adoption
The study utilized existing data that was collected using the theoretical and conceptual
framework discussed in Chapter 2. The data was collected by the Texas A&M University Hazard
Reduction and Recovery Center (HRRC) for the behavioural component of a hurricane
evacuation study, conducted between November 2012 and May 2013. This data set was
granted by the data owner, Dr. Michael K. Lindell, on February 20, 2019, to generate a new data
set in analyzing respondents’ shadow evacuation tendencies (see Appendix B). The initial study
was commissioned by the U.S. Army Corps of Engineers and surveyed residents of three
counties in the Rio Grande Valley, namely Cameron County, Willacy County, and Hidalgo
County, in the state of Texas. Collectively, these counties are referred to as the Valley Study
Area (VSA). The initial study was conducted through the administration of a mail survey of the
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urban population of the VSA. The survey was also administered to select colonias, either
through personal delivery of the questionnaire for sample households that interviewers deemed
to be literate in either English or Spanish, or through personal interviews for households that
interviewers deemed to have less proficiency in either English or Spanish (Lindell et al., 2013).
The survey data revealed the potential for high rates of shadow evacuation from the VSA in the
event of a hurricane. Respondents’ perceived vulnerability to hurricane-related hazards and
their perceptions of personal impacts indicated a potential for unnecessary evacuations to
increase in the VSA.

Sampling Methods
The research team conducted a mail survey of the general population of the VSA. In
collaboration with the Texas A&M Colonias Program, personal contact surveys or interviews
were conducted within select colonias in these counties. In Cameron and Willacy Counties, the
sample was stratified such that the questionnaires were sent to residents of all five risk areas as
well as to the remaining population that is inland from the hurricane risk areas. In Hidalgo
County, the sample was stratified by location east or west of IH-69/US-281 (i.e., Hidalgo East
and Hidalgo West) or in the 500-year floodplain. The first survey was distributed by mail to the
general population of incorporated areas within the three counties. The survey was distributed in
both English and Spanish to each of the selected households.
A reminder post card was distributed to those that did not return a completed survey
within two weeks, and replacement packets were sent at two-week intervals. The
process was terminated when respondents had either returned a completed
questionnaire or had received one reminder post card and three questionnaire packets.
(Lindell et al., 2013, pp. 10-11)
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A total of 1,198 households were selected, of which 106 were undeliverable or did not respond
to the survey, and 254 returned usable questionnaires (Lindell et al., 2013). The mail survey
received a response rate of 23.3% (Lindell et al., 2013).
The survey was administered to the colonia population of the VSA between March and
May of 2013. It was conducted via personal contact between interviewers and sample
members, and respondents were given the option to complete either the English or Spanish
version of the questionnaire. Sample members deemed to be literate in either English or
Spanish received personal questionnaire deliveries, while personal interviews were conducted
with sample members who were deemed to have questionable literacy in either English or
Spanish. Interviewers were deployed to the colonias with maps of their assigned interview
locations. The instructions for selecting households to which the questionnaire would be
administered included randomly selecting a starting house and a sampling interval between
houses. Prior to establishing contact with each house, interviewers checked a Duplicate
Address list to ensure the household had not already received a mail questionnaire. If the
household had already received a mail questionnaire, the interviewers were instructed to go to
the next house they would have contacted and to continue using the same sampling interval to
contact additional households until no more questionnaires remained.
At each household, interviewers introduced themselves in the language they thought
would suit the respondent (i.e., either English or Spanish). The interviewers informed
respondents that the survey was being conducted to understand how they and their families
would respond to an approaching hurricane and that the survey was a joint effort between the
Texas A&M University Hazard Reduction and Recovery Center, the Texas A&M University
Colonias Program, and their county’s emergency management agency. Interviewers were
instructed to alternate conducting interviews between male and female respondents between
each household. If an adult of the appropriate sex was available at a household, the
interviewers offered to interview them for about 30 minutes or to leave a questionnaire (both an
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English version and a Spanish version) for the resident to complete at their convenience and
return using the pre-paid, self-addressed envelope. Interviewers were instructed to check back
on households where no one was available to answer the door on different days and at different
times during the days. They discontinued their efforts if they were not successful in contacting
an adult at that address by the fourth attempt. Of the 450 households in the colonias that were
contacted by the interviewers, 203 were interviewed in-person, 205 were left with questionnaires
to complete independently, and 42 refused to answer the questionnaire. Households where
questionnaires were dropped off yielded a response rate of 22%, and those that were personally
interviewed yielded a response rate of 89.7% (Lindell et al., 2013). A total of 227 questionnaires
were completed for an overall response rate of 50.4% from the personal contact survey (Lindell
et al., 2013). Overall, the study yielded a sample size of 481, and upon addressing issues of
duplicate returns, the total sample size was 479 (Lindell et al., 2013).

Sampling in Urban Areas
The sampling method for the mail survey utilized geographical information system (GIS)
analyses to identify the ZIP codes for Hurricane Risk Areas 1 to 5. This process ensured that
the samples from Cameron and Willacy Counties could be stratified according to the hurricane
surge exposure. In both counties, Risk Areas 1 and 2 were combined, as well as Risk Areas 4
and 5. This resulted in four strata (i.e., Risk Areas 1 and 2, Risk Area 3, Risk Areas 4 and 5, and
the Inland Area). Figure 3.1 depicts the urban areas overlaid with the official hurricane risk
areas and evacuation zones. To minimize the margin of error for Cameron County, a larger
sample size was allocated to the county due to its larger population size (406,220) compared to
Willacy County (22,134). A total of 50 households were selected from each of the four strata in
Willacy County, resulting in 200 households; 150 households were selected from each of the
four strata in Cameron County for a total of 600 households.
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Figure 3.1
Map of Urban Areas Overlaid with Hurricane Risk Areas (Lindell et al., 2013, p. 4)

Although Hidalgo County (population 774,769) does not have hurricane risk areas due to
its location far inland, there is a possibility that some households in the eastern part of the
county would evacuate in response to a perceived hurricane threat and at higher rates than
households in the western part of the county. As cited in various studies (Peacock et al., 2016;
Stein et al., 2010), shadow evacuation from inland areas was problematic during Hurricane Rita
in 2005. Furthermore, parts of Hidalgo County are located within a 500-year floodplain, and
households in these areas may evacuate due to concerns about secondary hazards associated
with hurricanes, including inland flooding. As a result, Hidalgo County was divided into three
strata: Hidalgo East, Hidalgo West, and Hidalgo 500-year floodplain. One hundred and fifty
households were selected from each of these three strata. Hidalgo East is defined as the area
that is located east of IH-69/US-281 and is comprised of ZIP codes 78516, 78537, 78538,
78539, 78558, 78562, 78570, 78577, 78589, 78596, 78543, and 78579. The remaining ZIP
codes within Hidalgo County comprise Hidalgo West (i.e., 78501, 78503, 78504, 78541, 78542,
78557, 78572, 78574, 78560, 78565, 78573, 78576, 78595).
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Sampling in Colonias
Personal contact surveys were administered for some households in colonias, where a
significant portion of the VSA population resides. There are 195, 942, and 16 colonias in
Cameron, Hidalgo, and Willacy Counties, respectively. Due to the disparities in the number and
population size of colonias in each county, and to reduce disparities in the range of possible
estimates of evacuation rates, the majority of colonias were selected from Cameron County,
followed by Hidalgo and Willacy Counties, respectively. The target distribution for colonia
households for the sample population were as follows: 180 households from Cameron County
(90 from Risk Areas 1 to 5 and another 90 from the remainder of the county), 100 households
from Willacy County (50 from Risk Areas 1 to 5 and another 50 from the remainder of the
county), and 120 households from Hidalgo County (40 from Hidalgo East, 40 from Hidalgo
West, and another 60 from the 100-year floodplain. Figure 3.2 depicts the colonias overlaid with
the official hurricane risk areas and evacuation zones, as well as the 100-year floodplain.
Figure 3.2
Colonias Overlaid with Hurricane Risk Areas and 100-Year Floodplain (Lindell et al., 2013, p. 7)
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Sampling locations were selected within each of the three counties within the VSA. In
Cameron Country, three sampling locations were selected, the first of which was RutherfordHarding Addition. This location was selected because of its location inside Risk Area 1;
interviewers contacted 68 households in this colonia. The second sampling location was a
group of contiguous colonias comprising the Alabama/Arkansas, South Point, Unknown
(Oklahoma Avenue), Valle Escondido, and Valle Hermosa colonias. This area was selected due
to its location inside the hurricane risk area, and interviewers contacted 66 households in these
colonias. The third sampling location in Cameron County was Primera Colonias, selected for its
location outside of the hurricane risk area. Interviewers contacted another 66 households in this
colonia.
Two sampling locations were selected in Willacy County: Santa Monica Colonia,
selected for its location inside the hurricane risk area, and Sebastian Colonia, selected for its
location outside the hurricane risk area. Twenty households from Santa Monica Colonia were
contacted by interviewers, while 80 households were contacted from Sebastian Colonia.
Five sampling locations were selected from Hidalgo County, the first of which was a
group of contiguous colonias located south of Weslaco and comprising the Babb RC Mobile
Home, R.C. Babb Subdivision, R.C. Babb Subdivision No. 2, and R.C. Babb Subdivision No. 3
& No. 4 colonias. A total of 30 households were contacted in this colonia, which was selected
for its location inside the floodplain. The second sampling location was also selected for its
location inside the floodplain and was comprised of the Benevides Subdivision, La Aurora
Subdivision, La Hermosa Subdivision, and St. Clair Acres colonias. Thirty households were
contacted from this colonia. The third sampling location in Hidalgo County was a group of
contiguous colonias located north of Edinburg, comprised of the Bar No. 5, Hern Subdivision,
and Santa Cruz Estates colonias. Interviewers contacted 30 households from this sampling
location, which was selected due to its location outside the floodplain. The fourth sampling
location was also selected for its location outside of the floodplain and was comprised of
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Doolittle Acres, Hillcrest Terrace, Ingle-Doolittle, Triple C Subdivision, and Sandy Ridge
colonias. A total of 30 households from this sampling location were contacted by interviewers.
Finally, the fifth sampling location was comprised of La Paloma No. 1, Sunrise Hill, and Wesmer Subdivision colonias, where 30 households were contacted by interviewers. Like the third
and fourth sampling locations, this colonia was also selected for its location outside the
floodplain.

Language Impediments and Resulting Sample Populations
The data used for this study was collected via two data collection methods: a mail survey
and a personal contact survey. At the time of data collection, there were two significant
language impediments to the administration of the survey in the VSA. The first was that a
sizeable proportion of the population of the VSA speaks a language other than English in the
home. To overcome this impediment, a bilingual staff member of the Texas A&M University
Colonias Program translated the questionnaire into Spanish, which was then back-translated to
English by another bilingual staff member of the Colonias Program. Differences between the
original and back-translated English versions of the survey were reconciled by the staff
members, and both and English and Spanish versions of the cover letter and survey were
included in each questionnaire packet in the mail survey. Another language impediment to
survey administration in the VSA was the low level of literacy, which is estimated to be about
40% to 50% of the population in each of the three counties. As a result, three bilingual
interviewers were hired by the Colonias Program to make personal contact with households in
the colonia sample. The interviewers either dropped off a questionnaire packet with a member
of the household upon judging that the respondent was sufficiently literate to complete the
survey, or personally conducted the interview by reading the cover letter and survey to the
respondent and recording the responses to each question.
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It is because of the differences in literacy rate that the original investigation team was
required to employ two different data collection methods. Due to the differences between the
two methods, the dissertation study analyzed the two samples (i.e., urban and colonias)
separately. Moreover, while both methods are effective for gathering data from large sample
populations, both possess various advantages and disadvantages as survey instruments. Mail
surveys are a form of self-administered questionnaire that are easy to distribute to a large
number of people, relatively inexpensive, and allow anonymity (Mitchell & Jolley, 2013;
Newcomer et al., 2015). However, mail surveys yield lower response rates, and problems with
the questionnaire cannot be corrected because of the absence of interaction between the
researcher and the respondent (Mitchell & Jolley, 2013; Newcomer et al., 2015). On the other
hand, although face-to-face surveys, such as the personal contact survey that was administered
within some colonias, can be more time consuming and expensive, they have the potential to
yield higher response rates, especially when administered by an investigator (Mitchell & Jolley,
2013; Newcomer et al., 2015). The advantages and disadvantages of each of these methods
may explain why despite a 50.4% response rate from the colonia sample population, there was
a significant difference between the response rates for households where the questionnaires
were simply dropped off (22.0%) and those that were interviewed personally (89.7%).

3.2 Measuring Instrument
The survey was comprised of 27 items in total. Questions 1 to 15 of the survey aimed to
elicit information about respondents’ evacuation behaviour and decision-making in the event of
a hypothetical hurricane in the VSA. These questions assessed respondents’ previous hurricane
experience, information sources, evacuation intentions, perceived personal impact, evacuation
logistics requirements, evacuation logistics planning, hurricane risk perceptions, personal
emergency preparedness, and geographic risk area. Questions 16 to 26 of the survey focused
on the demographic characteristics and household contexts of the respondents so as to
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examine the conditions that hurricane evacuation decisions are made in the VSA. The final
question (Question 27) was an open-ended question that provided respondents an opportunity
to include additional comments about hurricane evacuation.
More specifically, the questionnaire was designed to address the five objectives of the
initial study. Questions 1 and 12 sought to determine respondents’ general levels of awareness
and experience with hurricanes and evacuation, and how this experience may affect their
decision to evacuate. Questions 2, 4, 13 to 15, and 24 to 26 of the survey aimed to determine
the factors of significance that influence respondents’ decisions to evacuate or stay, such as the
influence of local officials, personal resources, border security checkpoints, social influences,
media, and employment. Questions 3 to 8, 14, 15, and 23 aimed to determine the number of
potential evacuees and evacuating vehicles in the VSA under six hypothetical storm categories
(i.e., tropical storm and Category 1 to 5 hurricanes). More specifically, Question 3 aimed to
determine whether respondents would evacuate in response to official evacuation orders under
various storm conditions. Questions 9 to 11 aimed to determine potential evacuees’ destinations
and planned accommodations in the event of a hurricane evacuation, while Questions 14 and
15 asked respondents to report whether they reside in a hurricane risk area or a Federal
Emergency Management Agency (FEMA)-designated flood zone in order to assess whether
their self-report of their respective risk areas were accurate.
The questions in the survey were comprised of a combination of fixed-alternative and
open-ended questions. Fixed-alternative questions require respondents to choose between
limited (i.e., two or more) answers (Mitchell & Jolley, 2013). The fixed-alternative questions in
the survey included dichotomous questions (i.e., questions comprised of only two responses),
determinant-choice questions (i.e., questions to which respondents must choose only one
choice from three or more options), and Likert-type items (i.e., questions that ask respondents
to respond to a question by choosing from a point scale). The dichotomous questions measured
respondents’ personal preparedness, evacuation decision under certain storm conditions, and
63

risk area accuracy. The determinant-choice questions measured respondents’ previous
hurricane experience and contingency lodging plans in the event of an evacuation. The Likerttype items measured the extent to which respondents would rely on certain information sources
in the event of a hurricane, the extent to which they would heed evacuation recommendations
from local authorities, and the likelihood that future hurricanes will cause significant damage and
disruption to their respective communities and households.
Open-ended questions are those that do not ask respondents to choose between fixed
responses provided by the researcher but rather ask the respondent to generate a response
(Mitchell & Jolley, 2013). The open-ended questions in the survey asked respondents to
indicate the number of registered motor vehicles they possess, the location where they would
evacuate to, and their age. Finally, questions in the survey were sequenced such that the lead
questions were non-intrusive and pertained to the research topic, while questions about
respondents’ demographic and household contexts appeared at the end of the survey.
The dissertation research used respondents’ answers to select fixed-alternative and
open-ended questions to answer the research questions and satisfy the research objectives.

3.3 Variables, Measurements, and Data Treatments
The dependent variable for the study was shadow evacuation. This variable represented
each household’s decision to evacuate in the event of a hypothetical storm condition (i.e.,
Tropical Storm or Category 1 to 5 hurricane). The independent variables were demographic
characteristics (i.e., age, gender, and race), household context (i.e., income, education, and
number of vehicles), previous hurricane experience, personal preparedness, information
sources (i.e., national television networks, local television stations, local radio stations, local
newspapers, the Internet, social media, local officials, friends/relatives/neighbours/co-workers,
and the National Hurricane Center), and risk perception (i.e., expected damage, expected injury
or death, and expected disruption). Particularly, risk perception was also treated as a mediating

64

variable to better understand the effects of the other independent variables that affect the
dependent variable, shadow evacuation.

Coding and Re-coding of Variables
For the purpose of conducting descriptive and inferential statistical analyses, several
variables required re-grouping and/or re-coding in order to allow for a comparison between
respondents from urban areas and colonias, and to enable meaningful tests of association
between the dependent variable and the independent variables. A two-dimension distribution
was plotted by crossing each demographic variable and the dependent variable. The
boundaries between categories were identified via the mid-point between two case peaks.
Furthermore, some demographic variables were coded both continuously (i.e., ratio or bivariate)
and nominally. The nominal variables (e.g., gender) were included in the descriptive analysis to
highlight specific vulnerable groups that might be overlooked by the linear analyses of inferential
statistics. Finally, it is important to note that the categories for some variables (e.g., number of
vehicles, income) were combined due to frequency values of zero on some conditions. A zerofrequency value prevents the generation of odds and, in turn, odds ratios.
Shadow Evacuation. A new variable called “shadow evacuation” (ShadEvac) was
created as the dependent variable for the study. Shadow evacuation was measured based on
how respondents answered Question 3 of the survey, which asked whether they would
evacuate under certain storm conditions (i.e., evacuation intention). Their response to this
question was compared with the risk area associated with their geographic area of residence,
which determined whether they were coded as households that would or would not SE. As
shown in Table 3.1 below, risk areas were coded from a value of zero through to six. Although
the Barrier Island is technically part of Risk Area 1, it was coded as Risk Area 0 to distinguish it
from the rest of the Risk Area. Similarly, although the inland area of the VSA is not classified as
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an official risk area, this region was coded as Risk Area 6 for the purpose of conducting the
necessary statistical analyses.
Table 3.1
Coding of VSA Hurricane Risk Areas

Geographic area

Actual hurricane risk area

Barrier Island
Inland

Risk Area 1
Risk Area 1
Risk Area 2
Risk Area 3
Risk Area 4
Risk Area 5
None

Coded hurricane risk area
(RiskArea)
0
1
2
3
4
5
6

To measure respondents’ intention to evacuate (Q3_Int), their responses to Question 3
were coded according to the lowest storm category that would trigger their evacuation. For
example, if a respondent indicated an intention to stay for a Tropical Storm (coded as “0”) and a
Category 1 hurricane (coded as “1”) but would evacuate for a Category 2 hurricane (coded as
“2”), then their overall intention to evacuate (Q3_Int) was coded as a value of two. This value
was then compared to the re-coded risk area value assigned to their actual hurricane risk area.
If the value of the storm category that would trigger respondents to evacuate was less than the
value of the re-coded risk area, this implied that these households would evacuate under storm
conditions that would not require them to. As a result, these respondents were coded as
households that would shadow evacuate (ShadEvac = 1). If the value of the storm category that
would trigger respondents to evacuate was greater than or equal to the value of their re-coded
risk area, either because of an accurate interpretation or underestimation of their risk, then
those respondents were coded as households that would not shadow evacuate (ShadEvac = 0).
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Age. The survey allowed respondents to specify their own age via an open-ended
question. As a result, this variable was re-coded such that respondents were classified into one
of four age cohorts and coded as depicted in Table 3.2 below:
Table 3.2
Coding of Variable Age

Age cohort
21–35
36–55
56–69
70+

Coded value (Q16_AgeRange)
0
1
2
3

Gender. Respondents were asked to indicate their sex by choosing between the options
male and female. The variable gender (Q17_Gender) was coded as “male = 0” and “female =
1.”
Race and Language Preference. Respondents were asked to select an option that best
described their race from: White; Asian or Pacific Islander; Black; or American Indian or Alaskan
Native. However, an overwhelming majority (97%) of respondents identified as being White. To
reduce the potential for skewed results and to allow for the exploration of meaningful
correlations, the analysis proceeded with language preference as an alternate variable. This
variable allowed for a comparison between urban respondents and respondents from colonias
based on their language preference for the completion of the survey (i.e., English or Spanish).
As such, the variable language preference was coded as shown in Table 3.3 below:
Table 3.3
Coding of Variable Language Preference

Language
English
Spanish

Coded value (LanguageVer)
1
2

Income. Respondents were asked to indicate their annual household income by
selecting one of the following income ranges: less than $15,000; $15,000 to $30,000; $30,000
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to $45,000; $45,000 to $60,000; more than $60,000. For the purposes of data analysis,
including inferential statistics, income was coded by assigning each respondent the average of
their selected income range, as shown in Table 3.4 below:
Table 3.4
Coding of Variable Income

Income range
Less than $15,000
$15,000–$30,000
$30,000–$45,000
$45,000–$60,000
More than $60,000

Coded value (Q22_Inc)
15000
22500
37500
52500
60000

As shown in Table 3.5 below, in order to further compare respondents within and
between urban areas and colonias, income was re-grouped and re-coded by combining the last
two income ranges into one so that more meaningful odds ratios and tests of association could
be computed across the income levels:
Table 3.5
Re-coded Variable Income

Income range
Less than $15,000
$15,000–$30,000
$30,000–$45,000
$45,000+

Re-coded value (Q22_IncComb)
15000
22500
37500
52500

Number of Vehicles. Question 6 of the survey asked respondents to indicate the
number of registered motor vehicles available in their household. The survey allowed
respondents to specify the number of vehicles via an open-ended question. This variable was
re-coded to create ranges of numbers of vehicles, and then re-coded for the purpose of
statistical analysis. As shown in Table 3.6, the data for this variable was divided into three
groups based on a two-dimensional distribution against the dependent variable. The distribution
revealed peaks at both zero vehicles and four or more vehicles:
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Table 3.6
Coding of Variable Number of Vehicles

Number of vehicles
0
1–3
4+

Coded value (Q6_VehRange)
0
1
2

Education. The survey asked respondents to select their highest level of education
attained, between less than high school, high school graduate, some college/vocational school,
college graduate, and graduate school. Each level of education was then assigned a numerical
value that coincides with the number of consecutive years that would be spent (at a minimum)
achieving that level of education, as shown in Table 3.7 below:
Table 3.7
Coding of Variable Education

Level of education
Less than high school
High school graduate
Some college/vocational school
College graduate
Graduate school

Coded value (Q21_Edu)
9
12
14
16
18

To further compare respondents within and between urban areas and colonias,
education was re-grouped and re-coded by combining the categories of education so that more
meaningful odds ratios and tests of association could be computed, as shown in Table 3.8
below:
Table 3.8
Re-coded Variable Education

Level of education
Less than high school
High school graduate only
Some college or more

Re-coded value (Q21_EduComb)
9
12
14

Previous Hurricane Experience. Previous hurricane experience (Q1_PrHurrEx) was
coded based on respondents’ answers to Question 1 of the survey, which asked them to
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indicate how they responded during a previous hurricane in a community that was advised to
evacuate, or whether they have never lived in a community that was advised to evacuate from a
hurricane. This variable was re-coded into two groups of respondents: those who had previous
hurricane experience and those who did not. Respondents who either stayed or evacuated
during a previous hurricane, regardless of whether the hurricane hit or missed their community,
were coded as households with previous hurricane experience (Q1_PrHurrEx = 1).
Respondents who have never lived in a community that was advised to evacuate from a
hurricane were coded as households with no previous hurricane experience (Q1_PrHurrEx = 0).
Information Sources. Respondents’ reliance on various types of information sources
was measured based on their response to Question 2 of the survey. This question asked
respondents to indicate the extent to which they would rely on various information sources when
deciding whether to evacuate from a future hurricane. The variable was measured on a Likert
scale (1 = not at all; 2 = small extent; 3 = moderate extent; 4 = great extent; 5 = very great
extent). For the purpose of data analysis, the information sources were grouped into the
following categories:
a) Intermediary sources (i.e., national television networks, local television stations, local
radio stations, local newspapers, the Internet)
b) Authoritative sources (i.e., local officials, National Hurricane Center watches and
warnings)
c) Peers (i.e., friends, relatives, neighbours, co-workers, and social media)
Upon re-grouping the information sources, a mean was computed for each of the categories to
give a representation of how respondents felt about the particular group of information sources.
To further understand and compare respondents’ reliance on information within and between
urban areas and colonias, the means generated to describe the extent to which respondents
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relied on each group of information sources were grouped and coded so that meaningful tests of
association could be computed, as shown in Table 3.9 below:
Table 3.9
Coding of Variable Information Sources

Mean range
1 – 2.99
3.0 – 3.99
4.0 – 5.0

Coded value for information source reliance
0 (minimal reliance)
1 (moderate reliance)
2 (high reliance)

Personal Preparedness. Question 13 of the survey measured respondents’ household
preparedness level. The question indicated a list of 10 items that are associated with household
emergency preparedness, such as battery-powered radios, water supply, first-aid kit, a
household emergency plan, and flood insurance. Respondents were asked to indicate whether
they have these items for their place of residence. For the purpose of conducting statistical
analyses, this variable was coded by taking the sum of the items possessed by each
respondent and grouping the sums as follows in Table 3.10:
Table 3.10
Coding of Variable Personal Preparedness

Number of items

Preparedness level

0–3
4–6
7 – 10

Low
Moderate
High

Coded value
(Q3_PPCombined)
0
1
2

Risk Perception. Risk perception was measured by asking respondents how likely they
thought there would be a hurricane in the next five years that would cause: major damage to
community property, major damage to the respondents’ own home as a result of storm wind,
storm surge, or freshwater flooding; death and injuries to people in the community, to the
respondents themselves, or to members of their households; and disruption to respondents’
jobs or electrical, telephone, and other basic services. This variable was measured on a Likert
scale (1 = not at all likely; 2 = small likelihood; 3 = moderate likelihood; 4 = great likelihood; 5 =
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almost certain). For the purpose of data analysis, the information sources were grouped into the
following categories:
a) Expected damage (i.e., major damage to community property, major damage to the
respondents’ own home as a result of storm wind, storm surge, or freshwater
flooding)
b) Expected injury (i.e., death and injuries to people in the community, to the
respondents themselves, or to members of their households)
c) Expected disruption (i.e., disruption to respondents’ jobs or electrical, telephone, and
other basic services)
Upon re-grouping the risk perception variables, a mean was computed for each of the
categories to give a representation of how respondents felt about the potential for each of the
grouped impacts.

3.4 Methods of Data Analysis
Descriptive and Inferential Statistics
Descriptive statistics were employed to determine whether there were any specific
groups or households with certain characteristics that were more likely to shadow evacuate in
the urban areas and colonias, respectively. Inferential statistics were employed to determine
how each possible predictor (i.e., independent variables) affected respondents’ intention to
shadow evacuate. These methods of data analysis have been employed in several hurricane
evacuation decision studies, including the limited selection of studies that focus specifically on
the Rio Grande Valley. For example, in their 2019 study on the access to and gathering of
information in hurricane- and flood-prone areas in the Rio Grande Valley, Kyne et al. employed
both descriptive statistics and regression analysis to determine and analyze the statistical
association between their dependent variable (evacuation decision-making) and independent
variables (e.g., age, gender, education, information source, flood area).
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In their 2017 study, Huang et al. tested the abbreviated PADM on hurricane evacuation
decision-making during Hurricanes Katrina and Rita to determine the factors that most directly
determine a household’s evacuation decision. In their 2018 study, Kyne et al. analyzed the
effects of a multitude of factors that influence the nature of evacuation decision-making of
households in the Rio Grande Valley, including Hispanic households. Both studies utilized
correlational analysis to measure the strength of the association between their respective
dependent variables and independent variables. For example, Huang et al. (2017) used
correlational analysis to analyze the strength of the relationship between variables such as age
and gender and perceived storm characteristics, and employed a regression analysis to analyze
the effects of antecedent variables such as age, risk area, and experience on evacuation
decisions, mediated by confounding variables such as expected storm threat and expected
personal hydrological and wind impacts.
The data was analyzed using the software Statistical Package for the Social Sciences
(SPSS) 27.0.

Treatment of Missing Data
Missing data treatment was conducted before the data was used for inferential analyses.
The original variables had missing rates ranging from 0.0% to 9.8% with an average of 3.4%,
which is lower than 5.0%. Even though it is fair to assume this data set has missing values at
random, an additional missing completely at random (MCAR) test and a missing at random
(MAR) test were conducted. The results of a Little’s MCAR test yielded a significant result (χ2779
= 1011.73, p < .001), indicating that the missing data is not completely at random. Nonetheless,
a follow-up MAR yielded a nonsignificant result (𝑡̅critical items = - .17, ns.) as additional evidence
that the missing data is random. The missing values were replaced using the expectationmaximization (EM) algorithm, using SPSS 27.0.
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Survey Reliability
A Cronbach’s alpha was completed to check for survey question reliability. This test is
important for measuring the internal consistency that ensures the interrelatedness of the survey
questions (Brown, 2002). A Cronbach’s alpha value that is between 0.7 and 0.8 indicates a
satisfactory level of interrelatedness of the survey questions, but a value between 0.9 and 0.95
is more desirable (Vale et al., 1997). Cronbach’s alpha scores were generated for the variables
information sources and risk perception, as shown in Table 3.11:
Table 3.11
Cronbach’s Alpha Scores

Grouped variables
Intermediary sources
Information sources
Authoritative sources
Peers
Expected damage
Risk perception
Expected injury
Expected disruption

Cronbach’s alpha score
0.7
0.4
0.4
0.8
0.7
0.5

Some Cronbach’s alpha scores for information sources and risk perception revealed low
reliability for the grouped variables. More meaningful values may have been generated if there
were more than three items per variable.

Descriptive Statistics
Descriptive statistics are used to describe relationships between variables (Sirkin, 2006).
Descriptive research is also essential for describing and predicting people’s thoughts, feelings,
and decisions (Mitchell & Jolley, 2013). For this study, descriptive statistics were employed to
determine the potential for shadow evacuation from the VSA, describe the characteristics of
potential shadow evacuees, and to test the relationship (i.e., tendency) between each
independent variable and shadow evacuation. More specifically, frequencies were generated to
determine the potential rate of shadow evacuation from the VSA, and odds ratios were
conducted to reveal the effects of information source reliance, preparedness levels, previous
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hurricane experience, and select household contexts and demographic characteristics on
shadow evacuation in urban areas and colonias.
An odds ratio (OR) is “a measure of association between an exposure and an outcome,”
and “represents the odds that an outcome will occur given a particular exposure, compared to
the odds of the outcome occurring in the absence of that exposure” (Szumilas, 2010, p. 227).
The 95% confidence interval generated for each odds ratio indicates its precision, whereby a
large confidence interval indicates the odds ratio has a low level of precision and a small
confidence interval indicates the odds ratio has a higher level of precision (Szumilas, 2010).
However, it is also important to note that although confidence intervals can be used to detect
the presence of statistical significance, so long as they do not overlap the null value (OR = 1),
they cannot substitute p values as measures of statistical significance (Szumilas, 2010). This
study used Cohen’s (1988) interpretation of odds ratios to determine the statistical power and
effect sizes of the odds ratios:
•

0.7 < OR < 1.44 = Very small effect size

•

1.44 ≤ OR < 2.48; or 0.4 ≤ OR < 0.7 = Small effect size

•

2.48 ≤ OR < 4.27; or 0.4 ≤ OR < 0.1 = Medium effect size

•

OR ≥ 4.27; or OR ≤ 0.1 = Large effect size

In cases where there was overlap in the confidence intervals of respondents from urban areas
and colonias, the size of the overlap was calculated to ascertain whether there were any
differences between the two areas that were worth noting.

Inferential Statistics
A correlational and regression analysis was conducted to examine the mechanism of
shadow evacuation trends when multiple variables are controlled. This analysis helped to
determine potential predictors of shadow evacuation in urban areas and colonias. This level of
analysis is generated to ascertain the strength of the relationship between the independent and
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dependent variables (Sirkin, 2006). First, correlation matrices were generated for respondents
from urban areas and colonias to determine whether there was a statistical association between
the independent variables, including risk perception, and the dependent variable. Then, a
stepwise regression analysis was undertaken to explain the relationship between the dependent
variable and the independent variables. A logistic regression was generated for respondents
from the urban areas and respondents from colonias for those independent variables that had
some significant statistical association with shadow evacuation in the correlation matrices. A
logistics regression was the most appropriate type of regression analysis for this study because
the dependent variable (shadow evacuation) is a binary variable.
The logistic regression was followed by a linear regression to predict the effects of the
independent variables on risk perception, specifically excepted injury, as the dependent
variable. The results of these statistical analyses are discussed in Chapter 4.

Ethical Considerations
An Institutional Review Board (IRB) submission was completed by the researchers of the
initial study. The study was conducted with the informed consent of all participants who were
informed in advance about the purpose of the project, how the data would be used, and who the
data would be shared with. A formal IRB was also submitted to the Jacksonville State University
(JSU) IRB to ensure the appropriate permissions were obtained prior to utilizing the existing
data set. The JSU IRB submission included a copy of the survey and proof of the original IRB
approval. The data set was used only for the purpose of this study and was kept confidential.
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Chapter 4: Results
The purpose of this study was to identify potential determinants of shadow evacuation and
to understand the characteristics of shadow evacuation in the VSA. This chapter highlights the
key findings for this study. The data for this study were analyzed using descriptive statistics to
determine the potential for shadow evacuation and to quantitatively describe the features of
shadow evacuation in the urban areas and colonias of the VSA. Frequency distributions and
odds ratios were undertaken to describe the phenomenon, including the characteristics of the
respondents, across the VSA, followed by a close examination of overlap in confidence intervals
between the urban and colonia populations. Large confidence intervals for the majority of
independent variables (with the exception of personal preparedness) indicated a lower level of
precision of odds ratios. Inferential statistics were used to test the study hypotheses about the
tendencies between the independent variables and the dependent variable. More specifically, a
logistic regression was conducted to estimate the relationship between each of the potential
determinants and shadow evacuation, and to make meaningful inferences about the urban and
colonia populations of the VSA. A linear regression was conducted to further examine the
strength of association between select independent variables and risk perception (i.e., expected
injury) as the dependent variable.
The central research question of the study was: When demographic characteristics,
household context, previous hurricane experience, personal preparedness, and information
sources are controlled together into a prediction model of shadow evacuation in the Rio Grande
Valley, in the event of a hypothetical hurricane evacuation, how does each predictor affect
shadow evacuation? Specifically, three objectives guided this research:
1. Describe the features of shadow evacuation in the VSA;
2. Test the relationship (i.e., [tendency]) between each potential determinant and shadow
evacuation; and
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3. Conduct a stepwise regression analysis to determine the significant predictors of
shadow evacuation in the Valley Study Area, based on the abbreviated Protective Action
Decision Model.
This chapter begins with the findings of the descriptive analysis that aimed to describe shadow
evacuation in the VSA. This is followed by the findings of the inferential statistics (specifically,
correlation, logistic regression, and linear regression analyses) that were computed to test the
hypotheses of the study. The meaning and implications of these findings are discussed in detail
in Chapter 5.

4.1 Descriptive Statistics
Descriptive statistics revealed that the mail survey respondents tended to be middleaged (arithmetic mean, M = 55.7 years) and were predominantly female (56%), Hispanic (76%),
and identified themselves as White (97%) (Lindell et al., 2013, p. 11). They also had fewer years
of education (13.5 years) and a lower annual household income ($33,432 USD) than the U.S.
average in 2013 (Lindell et al., 2013, p. 11). The colonia respondents tended to be middle-aged
(M = 51.1 years) and were predominantly female (56%), Hispanic (96%), and White (97%)
(Lindell et al., 2013, p. 11). On average, they also had fewer years of education than
respondents from the urban areas (11.5 years) and a lower annual household income ($22,951)
than the U.S. average (Lindell et al., 2013, p. 12). Table 4.1 summarizes the frequency
distributions between the urban and colonia samples for the various categories of each
independent variable. Finally, odds ratios aimed to reveal the general tendency between each of
the independent variables and the dependent variable.
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Table 4.1
Frequency Distributions
Urban (N, %)
N = 254
140 (55%)
114 (45%)
24 (9%)
102 (40%)
85 (34%)
43 (17%)
212 (84%)
42 (17%)
160 (63%)
94 (37%)
46 (18%)
54 (21%)
154 (61%)
43 (17%)
100 (39%)
111 (44%)
3 (1%)
229 (90%)
22 (9%)
64 (25%)
77 (30%)
27 (11%)
86 (34%)
46 (18%)
98 (39%)
110 (43%)
18 (7%)
70 (28%)
166 (65%)
125 (49%)
70 (28%)
59 (23%)

Variable
Female gender
Male gender
Age (21 to 35)
Age (36 to 55)
Age (56 to 69)
Age (70+)
Language preference (English)
Language preference (Spanish)
Previous hurricane experience
No previous hurricane experience
Education (less than high school)
Education (high school graduate only)
Education (college or higher)
Personal preparedness (low)
Personal preparedness (moderate)
Personal preparedness (high)
No. of vehicles (0)
No. of vehicles (1 to 3)
No. of vehicles (4+)
Income (< $15K)
Income ($15K to $30K)
Income ($30K to $45K)
Income ($45K+)
Intermediary information sources (minimal reliance)
Intermediary information sources (moderate reliance)
Intermediary information sources (high reliance)
Authoritative information sources (minimal reliance)
Authoritative information sources (moderate reliance)
Authoritative information sources (high reliance)
Peers (minimal reliance)
Peers (moderate reliance)
Peers (high reliance)

Colonias (N, %)
N = 225
99 (44%)
126 (56%)
50 (22%)
81 (36%)
58 (26%)
36 (16%)
105 (47%)
120 (53%)
135 (60%)
90 (40%)
89 (40%)
79 (35%)
57 (25%)
48 (21%)
66 (29%)
111 (49%)
14 (6%)
187 (83%)
24 (11%)
108 (48%)
75 (33%)
23 (10%)
19 (8%)
98 (44%)
67 (30%)
60 (27%)
54 (24%)
68 (30%)
103 (46%)
92 (41%)
89 (40%)
44 (20%)

Shadow Evacuation Tendencies
Overall Sample Population. The first research objective concerned the potential for
shadow evacuation in the VSA at the time of the survey (2013) and the features of shadow
evacuation in the VSA. As summarized in Table 4.2, an analysis of frequency distribution
revealed that of the 479 survey respondents, 405 (84.6%) would shadow evacuate. More
specifically, of the 254 respondents from urban areas, 211 (83.1%) would shadow evacuate. Of
the 225 respondents from colonias, 194 (86.2%) would shadow evacuate. Odds ratios revealed
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that overall, residents from colonias had slightly higher odds of shadow evacuating (OR = 1.28
[0.77, 2.11]) than those from urban areas; however, the large confidence interval indicates a
lower level of precision of this odds ratio.
Table 4.2
Overall Shadow Evacuation (SE) Rates in the VSA

Population

Total (N)

Would SE

SE Rate (%)

Total Sample

479

405

84.6

Urban

254

211

83.1

Colonias

225

194

86.2

Gender. Overall, male respondents had lower odds (OR = 0.63 [0.39, 1.04]) of shadow
evacuating than female respondents. In urban areas, male respondents had lower odds (OR =
0.66 [0.34, 1.27]) of shadow evacuating than female respondents. Similarly, in the colonias,
male respondents had lower odds (OR = 0.6 [0.28, 1.29]) of shadow evacuating than female
respondents. This finding is consistent with previous assertions that the female gender is
commonly associated with evacuation (e.g., Thompson et al., 2017).
Race and Language Preference. The analysis for shadow evacuation based on race
needed to be modified due to the fact that an overwhelming majority of respondents (97.3%)
identified as being White. This limited the ability to describe the tendency for shadow evacuation
based on race and presented a potential for the results of the analysis to be skewed. To reduce
this potential and ensure more meaningful analysis, a new variable (language preference) was
introduced to replace the variable race to compare shadow evacuation tendency between
respondents from urban areas and colonias. Language preference refers to the language in
which the VSA respondents chose to complete the survey. While other possible variables, such
as ethnicity, would introduce additional missing data, the data set presented a completeness
with respect to the language preference of each respondent.
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Overall, respondents who preferred to complete the survey in English had higher odds of
shadow evacuation (OR = 1.15 [0.69, 1.93]) than respondents who chose to complete the
survey in Spanish. In urban areas, English-preferring respondents had lower odds of shadow
evacuation (OR = 0.98 [0.4, 2.37]) than Spanish-preferring respondents. However, in the
colonias, English-preferring respondents had higher odds of shadow evacuation (OR = 1.71
[0.78, 3.76]) compared to Spanish-preferring respondents. This finding suggests that between
the urban areas and colonias, there may potentially be mediating factors that result in Spanishpreferring households having higher odds of shadow evacuation and lower odds of shadow
evacuation, respectively. This difference may be explained by socio-economic variables that
characterize vulnerability in the colonias in particular, such as income, access to vehicles, and
education. Additionally, there could be some variance in the hurricane risk communication,
including communication about risk areas and evacuation zones, that leads Spanish-preferring
households to shadow evacuate from urban areas but not from the colonias.
Previous Hurricane Experience. In general, respondents who had no previous
hurricane experience had higher odds of shadow evacuation (OR = 2.35 [1.32, 4.19]) than
respondents who have previously experienced a hurricane. Moreover, respondents from urban
areas who had no previous hurricane experience had higher odds of shadow evacuating (OR =
1.64 [0.8, 3.38]) than those who had previous hurricane experience. In the colonias,
respondents who had no previous hurricane experience were much more likely to shadow
evacuate (OR = 4.06 [1.49, 11]) than respondents with previous hurricane experience.
Therefore, the tendency for shadow evacuation between the urban areas and colonias is in the
same direction, whereby people who have previously experienced hurricanes are less likely to
shadow evacuate, and people with no previous hurricane experience are more likely to shadow
evacuate.
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Education. With respect to education, odds ratios revealed that respondents who had
attained a maximum of high school graduation had lower odds (OR = 0.81 [0.4, 1.65]) of
shadow evacuating compared to those who had not completed high school, and those who had
completed some college education or more had even lower odds of shadow evacuating (OR =
0.59 [0.32, 1.11]) compared to those who had not completed high school. Of the respondents
from urban areas, those who had attained a maximum of high school graduation had lower odds
of shadow evacuating (OR = 0.55 [0.15, 1.95]) than those who had not completed high school,
and, similarly, those with some college education or more also had even lower odds of shadow
evacuation (OR = 0.38 [0.13, 1.13]) than those who had not completed high school. Finally, in
the colonias, those who attained a maximum of high school graduation were only slightly less
likely to shadow evacuate (OR = 0.96 [0.4, 2.32]) than those who had not completed high
school, and, similarly, those who had completed some college or more were only slightly less
likely to shadow evacuate (OR = 0.95 [0.36, 2.5]) than those who had not completed high
school. This illuminates the possibility that in colonias, education may have less of an effect on
shadow evacuation compared to urban areas.
Personal Preparedness. Odds ratios revealed that compared to respondents with a low
level of personal preparedness, respondents with a moderate level of household personal
preparedness had lower odds (OR = 0.61 [0.25, 1.5]) of shadow evacuating, and respondents
with a high level of personal preparedness also had lower odds of shadow evacuating (OR =
0.31 [0.13, 0.72]). In urban areas, respondents with a moderate personal preparedness level
and respondents with a high personal preparedness level had lower odds of shadow evacuating
(OR = 0.5 [0.14, 1.86] and OR = 0.23 [0.07, 0.82], respectively) compared to respondents with a
low level of personal preparedness. Similarly, in the colonias, respondents with a moderate
personal preparedness level and respondents with a high personal preparedness level had
lower odds of shadow evacuating (OR = 0.77 [0.21, 2.78] and OR = 0.41 [0.13, 1.28],
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respectively) compared to respondents with a low level of personal preparedness. The smaller
confidence intervals obtained for respondents with a high personal preparedness level for the
overall sample and the urban population indicates a higher precision of the odds ratio. These
findings suggest that in both types of communities, a higher level of personal preparedness can
lead to a decreased likelihood of shadow evacuation.
Age. With respect to age, respondents under the age of 70 generally had higher odds of
shadow evacuating (ages 21 to 35: OR = 2.72 [0.92, 8.05]; ages 36 to 55: OR = 1.19 [0.58,
2.46]) compared to respondents who were 70 years old or above, with the exception of age
cohort 56 to 69, who had lower odds of shadow evacuating (OR = 0.74 [0.36, 1.52]). A similar
exception was seen amongst respondents from urban areas, where respondents under the age
of 70 had higher odds of shadow evacuating (ages 21 to 35: OR = 4.47 [0.52, 38.76]; ages 36 to
55: OR = 1.22 [0.46, 3.28]) compared to respondents who were 70 years old or above, with the
exception of age cohort 56 to 69, who had lower odds of shadow evacuating (OR = 0.59 [0.23,
1.53]). In the colonias, all age cohorts below 70 years of age had higher odds of shadow
evacuating (ages 21 to 35: OR = 2.3 [0.6, 8.84]; ages 36 to 55: OR = 1.15 [0.39, 3.35]; ages 56
to 69: OR = 1.09 [0.35, 3.37]) compared to respondents 70 years of age and older. This finding
is generally consistent with previous studies that have associated older age with decreased
likelihoods of evacuation (e.g., Thompson et al., 2017). However, the finding that respondents
from the urban sample aged 56 to 69 had lower odds of shadow evacuation compared to those
aged 70 and over poses some questions about whether there are other variables that mediate
the evacuation intention of this particular age cohort
Number of Vehicles. Odds ratios revealed that for the overall sample population,
respondents with one to three or four or more registered motor vehicles (OR = 0.32 [0.04, 2.45]
and OR = 0.51 [0.06, 4.73], respectively) had lower odds of shadow evacuation compared to
those with no registered motor vehicles. In urban areas, all respondents with no registered
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motor vehicles (n = 3) reported an intention to shadow evacuate (OR = 0 [0, NaN]), while
respondents with one to three vehicles had lowers odds of shadow evacuating (OR = 0.21
[0.03, 1.62]) than those who had four or more vehicles. Finally, in the colonias, respondents who
reported having one to three vehicles or four or more vehicles had lower odds of shadow
evacuating (OR = 0.48 [0.06, 3.8] and OR = 0.38 [0.04, 3.84], respectively) than those who
reported having no vehicles. Overall, these findings reveal mixed results between the urban and
colonia samples. It may be that some households that do not own motor vehicles intend to
shadow evacuate with family or friends who have access to vehicles. Moreover, this finding
reveals that households with no vehicles intend to shadow evacuate in a hypothetical hurricane
and does not necessarily reflect what they would actually do in the event of a real hurricane.
Income. With respect to income, odds ratios for respondents from urban areas and
colonias combined revealed that those who reported having an annual household income
between $15,000 and $30,000 or between $30,000 and $45,000 have higher odds of shadow
evacuation (OR = 1.21 [0.66, 2.24], OR = 1.19 [0.49, 2.92], respectively) than respondents who
reported having an annual income of less than $15,000. However, respondents who reported
having an annual household income over $45,000 had lower odds of shadow evacuation (OR =
0.94 [0.49, 1.8]) than those with an annual household income less than $15,000. When
responses from urban areas were analyzed, odds ratios revealed that respondents who
reported having an annual household income of $15,000 to $30,000, $30,000 to $45,000, or
more than $45,000 all had lower odds of shadow evacuating (OR = 0.6 [0.23, 1.62], OR = 0.35
[0.11, 1.12], and OR = 0.54 [0.21, 1.4], respectively) compared to respondents who reported
having an annual household income less than $15,000. In the colonias, respondents who
reported having an annual household income between $15,000 and $30,000 or more and
$45,000 or more had higher odds of shadow evacuation (OR = 2.02 [0.84, 4.85] and OR = 2.05
[0.44, 9.58], respectively) compared to those who earned less than $15,000, whereas all
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respondents who reported having an annual income between $30,000 and $45,000 (n = 23)
reported an intention to evacuate under storm conditions that would not require them to (OR = 0
[0, NaN]). Overall, these findings suggest that lower income households (i.e., annual household
income below $15,000) are less likely to shadow evacuate compared with households who earn
an annual income that is higher than $15,000. This may be the case because evacuation,
whether required or not, requires resources such as transportation, a destination, and
accommodations. These resources can be expensive, and the costs incurred to evacuate can
be too high for lower income households to accept.
Information Sources – Intermediary. Odds ratios for respondents from urban areas
and colonias combined revealed that respondents with minimal reliance or moderate reliance on
intermediary information sources had higher odds of shadow evacuation (OR = 1.52 [0.84, 2.75]
and OR = 2.21 [1.15, 3.91], respectively) than those with a high reliance on intermediary
information sources. Odds ratios also revealed that within the urban population, respondents
with minimal reliance or moderate reliance on intermediary information sources had higher odds
of shadow evacuation (OR = 1.03 [0.43, 2.44] and OR = 1.79 [0.83, 3.84], respectively) than
those with a high reliance on intermediary information sources. Finally, odds ratios also
revealed that within the colonias, respondents with minimal reliance or moderate reliance on
intermediary information sources had higher odds of shadow evacuation (OR = 1.98 [0.84, 4.69]
and OR = 2.81 [0.99, 7.95], respectively) than those with a high reliance on intermediary
information sources. This suggests that the messaging disseminated by intermediary sources of
information (i.e., national TV networks, local TV stations, local radio stations, local papers, and
the Internet) may have some effect in reducing the likelihood of shadow evacuation in both
types of communities.
Information Sources – Authoritative. Odds ratios for respondents from urban areas
and colonias combined revealed that respondents with minimal reliance or moderate reliance on
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authoritative information sources had higher odds of shadow evacuation (OR = 1.28 [0.61, 2.68]
and OR = 1.38 [0.76, 2.48], respectively) than those with a high reliance on authoritative
information sources. Odds ratios also revealed that within the urban population, respondents
with minimal reliance on authoritative information sources had higher odds of shadow
evacuation (OR = 1.62 [0.35, 7.46]) than those with a high reliance on authoritative information
sources, whereas respondents with a moderate reliance on authoritative information sources
had lower odds of shadow evacuation (OR = 0.89 [0.43, 1.84]) compared to those with a high
reliance on the same type of information sources. Finally, odds ratios also revealed that within
the colonias population, respondents with minimal reliance or moderate reliance on authoritative
information sources had higher odds of shadow evacuation (OR = 1.22 [0.49, 3.02] and OR =
2.69 [0.94, 7.57], respectively) than those with a high reliance on authoritative information
sources. Generally, these findings suggest that in both types of communities, households that
have a high reliance on authoritative information sources (i.e., local officials and the National
Hurricane Center watches and warning) have a lower likelihood of shadow evacuation. This
suggests that with the exception of those in urban areas who possessed a moderate reliance,
authoritative information sources have the potential to reduce the likelihood of shadow
evacuation in the VSA.
Information Sources – Peers. Odds ratios for respondents from urban areas and
colonias combined revealed that respondents with minimal reliance on peers had lower odds of
shadow evacuation (OR = 0.92 [0.49, 1.76]) than those with a high reliance on peers, whereas
respondents with moderate reliance on peers as an information source had higher odds of
shadow evacuation (OR = 1.15 [0.57, 2.3]) than respondents with a high reliance on peers as
an information source. Odds ratios also revealed that within the urban population, respondents
with a minimal or moderate reliance on peers had lower odds of shadow evacuation (OR = 0.84
[0.36, 1.96] and OR = 0.87 [0.34, 2.23], respectively) than those with a high reliance on peers.
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Finally, odds ratios revealed that within the colonias population, respondents with minimal
reliance or moderate reliance on peers had higher odds (OR = 1.05 [0.39, 2.83] and OR = 1.49
[0.53, 4.24], respectively) of shadow evacuation than those with a high reliance on peers. These
findings reveal that in the urban areas, households with a minimal or moderate reliance on
peers are less likely to shadow evacuate than those with a high reliance on peers. On the other
hand, households in the colonias with a minimal or moderate reliance on peers are more likely
to shadow evacuate than those with a high reliance on peers. This disparity in trends between
the two types of communities may reflect the assertations of previous studies, that in higher
hurricane categories, personal judgement can play a more pivotal role in the decision to
evacuate or stay than other informal sources of information (Kyne et al., 2019). Similarly, this
finding may also suggest that colonia households that have minimal or moderate reliance on
peers and a tendency toward shadow evacuation may be more influenced by other mediating
variables, such as risk perception.

Confidence Interval Overlap
Based on Cohen’s (1988) interpretation of odds ratios, the differences in odds between
urban and colonias were examined individually to determine which independent variables would
need to be highlighted as those that have varying effects on the dependent variable between
the two types of communities. Although all variables were analyzed, only those with an odds
ratio value of less than 0.7 or greater than 1.44 in either type of community were selected for
further analysis to bring focus to the largest differences between the urban and colonia samples.
These variables and their odds ratios are highlighted in Table 4.3, below:

87

Table 4.3
Odds Ratios with Largest Differences Between Urban Areas and Colonias

Variable

Urban OR, 95% CI

Colonias OR, 95% CI

Language preference

0.98 [0.4, 2.37]

1.71 [0.78, 3.76]

Previous hurricane experience (none vs. some
experience)

1.64 [0.8, 3.38]

4.06 [1.49, 11]

Age (21 to 35 vs. 70+)

4.47 [0.52, 38.76]

2.3 [0.6, 8.84]

Age (56 to 69 vs. 70+)

0.59 [0.23, 1.53]

1.09 [0.35, 3.37]

Income ($15K to $30K vs. <$15K)

0.6 [0.23, 1.62]

2.02 [0.84, 4.85]

Income ($45K+ vs. <$15K)

0.54 [0.21, 1.4]

2.05 [0.44, 9.58]

Intermediary sources (minimal vs. high reliance)

1.03 [0.43, 2.44]

1.98 [0.84, 4.69]

Authoritative sources (moderate vs. high
reliance)

0.89 [0.43, 1.84]

2.69 [ 0.94, 7.57]

Peers (minimal vs. high reliance)

0.84 [0.36, 1.96]

1.05 [0.39, 2.83]

Peers (moderate vs. high reliance)

0.87 [0.34, 2.23]

1.49 [0.53, 4.24]

From these variables, the percentage of overlap in confidence intervals between the
urban and colonias samples was calculated. When confidence intervals do not overlap, it is
generally understood that the difference between groups is statistically significant; however,
some overlap denotes that the difference between the groups may still be significant (Greenland
et al., 2016; Ryan & Leadbetter, 2002). According to Ryan and Leadbetter (2002), an overlap in
confidence intervals for two means does not necessarily imply that the difference between the
means is not significant; and, interpreting a lack of overlap in confidence intervals as a
difference of significance can lead to erroneous conclusions (p. 476). Therefore, although there
is an overlap in the confidence intervals of all of the independent variables between the urban
and colonias samples, the extended analysis focused on only those variables for which the
overlap in confidence intervals between urban areas and colonias was less than 33% to
ascertain whether there were any differences between the two areas that were worth noting.
The percentage of confidence interval overlap was calculated by taking the difference between
the second-largest and second-smallest confidence interval values and dividing it by the
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difference between the largest and the smallest confidence interval value. The variables with a
confidence interval overlap of less than 33% between the urban and colonia respondents are
outlined in Table 4.4 below. Overall, the confidence intervals with an overlap of less than 33%
between the two types of communities indicate a potential tendency toward divergence on these
variables.
Table 4.4
Confidence Interval Overlap

Variables
Education (college or more vs. less than high school)

% CI Overlap (< 33%)
32%

Authoritative information sources (moderate vs. high reliance)

13%

Income ($45K+ vs. less than $15K)

10%

Income ($15K to $30K+ vs. less than $15K)

17%

Previous hurricane experience (none vs. some experience)

19%

Age (21 to 35 vs. 70+)

22%

Although no significant differences between the urban and colonia populations were found,
there was some tendency for divergence on variables with a confidence interval overlap of less
than 33%. As indicated in Table 4.4, income had the least overlap between urban and colonia
confidence intervals, indicating a possibility that there may be some significance to the
difference between respondents from the two types of communities. However, further research
is required to confirm this.

4.2 Hypothesis Tests: Correlation Analysis
All variables, including risk perception, were entered into a correlation analysis to reveal
all possible pairs of correlations with the dependent variable, shadow evacuation. The
correlation matrices in Table 4.5 (urban sample) and Table 4.6 (colonia sample) yielded partial
support for Hypothesis 1 (age will be negatively correlated to shadow evacuation). Although age
was negatively correlated with shadow evacuation among both urban (r = -0.12) and colonia (r =
-0.07) respondents, the correlation was only statistically significant for the urban population.
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Table 4.6
Intercorrelations (r ) among Variables for Colonia Population
Variable
1
2
3
Spanish preference
1.00**
--Age
0.14*
1.00**
-Female
-0.02
-0.02
1.00**
White
-0.01
0.06
0.1
Education
-0.49**
-0.29**
-0.01
Income <$15K
0.31**
0.2**
0.06
No. of vehicles
-0.13*
-0.1
-0.08
Authoritative sources
0.16**
0.04
0.09
Intermediary sources
0.13*
-0.11*
0.01
Peers
0.08
-0.15*
0.13*
Previous hurricane experience -0.24**
0.08
0.01
Personal preparedness
0.2**
0.19**
-0.14*
Expected damage
0.19**
0.1
0.04
Expected injury
0.39**
0.09
-0.09
Expectd disruption
0.24**
0.09
0.01
Shadow evacuation
-0.09
-0.07
0.09
* p < 0.05
** p < 0.01

Table 4.5
Intercorrelations (r ) among Variables for Urban Population
Variable
1
2
3
Spanish preference
1.00**
--Age
-0.17**
1.00**
-Female
0.02
-0.16**
1.00**
White
0.00
0.01
0.12*
Education
-0.34**
-0.08
0.00
Income <$15K
0.21**
0.08
0.09
No. of vehicles
-0.05
0.00
-0.10
Authoritative sources
0.06
-0.03
0.19**
Intermediary sources
0.11*
-0.10
0.17**
Peers
0.22**
-0.26**
0.2**
Previous hurricane experience
-0.10
0.13*
-0.05
Personal preparedness
-0.08
0.15**
-0.19**
Expected damage
0.07
0.04
0.11*
Expected injury
0.15**
0.06
0.16**
Expectd disruption
0.14*
-0.07
0.15**
Shadow evacuation
0.00
-0.12*
0.08
* p < 0.05
** p < 0.01

4
---1.00**
0
-0.08
0.06
0.05
0.09
0.04
0.06
0.09
-0.02
-0.01
0
-0.07

4
---1.00**
0.00
-0.03
-0.02
0.11*
0.00
-0.03
-0.12*
0.10
-0.17**
-0.03
-0.03
-0.07

5
----1.00**
-0.45**
0.14*
0.04
0.06
0
0.15*
-0.02
-0.16**
-0.25**
-0.15*
-0.01

5
----1.00**
-0.41**
0.18**
0.02
-0.14*
-0.16**
-0.06
0.09
-0.17**
-0.27**
-0.11*
-0.09

6
-----1.00**
-0.23**
-0.01
-0.01
-0.01
0
-0.11*
0.28**
0.32**
0.18**
-0.16**

6
-----1.00**
-0.19**
0.01
0.08
0.10
0.13*
-0.14*
0.22**
0.22**
0.14*
0.09

7
------1.00**
0.01
-0.02
0
0.05
0
-0.07
-0.08
0.02
-0.05

7
------1.00**
0.13*
0.06
0.02
0.07
0.13*
0.09
0.10
0.13*
-0.05

8
-------1.00**
0.66**
0.38**
-0.03
0.18**
0.22**
0.22**
0.29**
-0.09

8
-------1.00**
0.6**
0.5**
-0.08
0.02
0.22**
0.26**
0.15**
-0.02

9
--------1.00**
0.37**
-0.03
0.22**
0.21**
0.24**
0.16**
-0.04

9
--------1.00**
0.6**
0.01
-0.04
0.29**
0.32**
0.15**
-0.05

10
---------1.00**
0.15*
0.03
0.17**
0.11*
0.23**
0.02

10
---------1.00**
-0.01
-0.03
0.21**
0.25**
0.12*
0.02

11
----------1.00**
-0.06
0.18**
0.01
-0.04
-0.19**

11
----------1.00**
0.08
0.21**
0.13*
0.22**
-0.09

12
-----------1.00**
0.08
0.16**
0.07
-0.12*

12
-----------1.00**
0.03
-0.02
0.04
-0.18**

13
------------1.00**
0.62**
0.51**
-0.2**

13
------------1.00**
0.78**
0.56**
0.01

14
-------------1.00**
0.47**
-0.27**

14
-------------1.00**
0.52**
0.06

15
--------------1.00**
-0.13*

15
--------------1.00**
0.06

16
---------------1.00**

16
---------------1.00**

Hypothesis 2 (female gender will be positively correlated to shadow evacuation) yielded
a positive correlation to shadow evacuation in the urban (r = 0.08) and colonia (r = 0.09)
samples. However, neither correlation was statistically significant. Hypothesis 3 (race will be
positively correlated to shadow evacuation) was not supported by a statistically significant
coefficient in the urban (r = -0.07) or colonia (r = -0.07) samples. These identical correlations of
significance may result from the overwhelming majority of the VSA sample population (97.3%)
self-identifying as being White. Similarly, language preference was not supported by significant
correlations in the urban (r = 0.00) or colonia (r = -0.09) samples.
Hypothesis 4 (income will be positively correlated to shadow evacuation) was partially
supported by a positive but not statistically significant correlation in the urban sample (r = 0.09)
and contradicted by a significant negative correlation in the colonia sample (r = -0.16). Although
not statistically significant, Hypothesis 5 (education will be negatively correlated to shadow
evacuation) was supported by negative correlations for both the urban (r = -0.09) and colonia (r
= -0.01) samples. Hypothesis 6 (number of vehicles will be positively correlated to shadow
evacuation) contradicted by a negative and non-significant correlation to shadow evacuation in
the urban sample (r = -0.05) as well as the colonia sample (r = -0.05).
Hypothesis 7 (previous hurricane experience will be positively correlated to shadow
evacuation) was contradicted by a negative correlation. Previous hurricane experience had an
inverse correlation with shadow evacuation in the urban sample (r = -0.09) as well as in the
colonia sample (r = -0.19); however, the correlation between previous hurricane experience and
shadow evacuation in the colonia sample was statistically significant at p < 0.01. As predicted,
Hypothesis 8 (personal preparedness will be negatively correlated to shadow evacuation)
yielded a negative correlation between personal preparedness and shadow evacuation in the
urban (r = -0.18) and colonia (r = -0.12) samples, and both correlations were statistically
significant.
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Hypothesis 9 (reliance on peers as information sources will be positively correlated to
shadow evacuation) yielded a positive correlation between reliance on peers as information
sources and shadow evacuation among both urban (r = 0.02) and colonia (r = 0.02)
respondents. However, for Hypotheses 10 (reliance on intermediary information sources will be
negatively correlated to shadow evacuation) and 11 (reliance on authoritative information
sources will be negatively correlated to shadow evacuation), respectively, it yielded negative
correlations between both intermediary information sources (urban: r = -0.05; colonia: r = -0.04)
and shadow evacuation and authoritative sources (urban: r = -0.02; colonia: r = -0.09) and
shadow evacuation in both samples. Moreover, the correlations were not statistically significant.
Hypothesis 12 (risk perception will be positively correlated to shadow evacuation) yielded
positive but non-significant correlations in the urban sample for expected damage (r = 0.01),
expected injury (r = 0.06), and expected disruption (r = 0.06). However, in the colonia sample,
Hypothesis 12 yielded negative but statistically significant correlations for all three risk
perception variables: expected damage (r = -0.20), expected injury (r = -0.27), and expected
disruption (r = -0.13).

4.3 Hypothesis Tests: Regression Analysis
Following the correlation matrix, a logistic regression was run to determine which
variables could predict shadow evacuation in the VSA. When all of the variables were controlled
in a logistic regression of shadow evacuation, urban and colonia models revealed differences in
the significant predictors of shadow evacuation. Hypothesis 13 (when other variables are
controlled in the prediction of shadow evacuation, only perceived risk will have a statistically
significant regression coefficient) was only partially supported in that expected injury was a
significant predictor of shadow evacuation in the colonia sample, but not in the urban sample.
Furthermore, variables other than those pertaining to risk perception proved to be significant
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predictors of shadow evacuation in both samples. These variables are identified in Table 4.7
below.
Table 4.7
Logistic Regression

Predictors
B
Language
-preference
Age
-0.02
Female
-White
-Education
-Income <$15K
-No. of vehicles
-Authoritative info.
-sources
Intermediary info.
-0.32
sources
Peer info. sources
-Previous hurricane
-experience
Personal
-0.22
preparedness
Expected damage
-Expected injury
0.30
Expected disruption
-Constant
4.89
Cox & Snell R-Squ
Nagelkerke R-Squ
Percentage Correct
Chi-square
df
*Significant at p < 0.05
**Significant at p < 0.01
***Significant at p < 0.001

Urban model

Colonia model

Shadow evacuation
Std.
Exp
error (B)
(B)
Sig.

Shadow evacuation
Std.
Exp
error (B)
(B)
Sig.

Corr.

B

Corr.

--

--

--

--

--

--

--

--

--

0.01
-------

0.98
-------

0.06
-------

-0.12*
-------

-----0.56
---

----0.48
---

----0.57
---

----0.25
---

-----0.16**
---

0.20

0.73

0.12

-0.05

--

--

--

--

--

---

---

---

---

0.31

0.21

1.36

0.14

0.02

-1.56

0.54

0.21***

0.00

-0.19**

0.08

0.8**

0.01

-0.18**

-0.14

0.09

0.87

0.11

-0.12*

-0.13
---

-0.06
---

--0.53
-4.74

-0.19
-0.94

-0.00
---

--0.27**
---

-0.20
-1.23

-1.35
-132.53
0.06
0.10
0.83
15.20**
4.00

-0.59***
-114.78
0.13
0.23
0.86
30.37***
5.00

The logistic regression analysis indicated that in urban areas, personal preparedness
(Exp(B) = 0.8, p < 0.01) was the only significant predictor of shadow evacuation. Overall, in
urban areas, personal preparedness produced the strongest effect in predicting shadow
evacuation. In the colonias, previous hurricane experience (Exp(B) = 0.21, p < 0.01) and
expected injury (Exp(B) = 0.59, p < 0.01) were the only significant predictors of shadow
evacuation. Interestingly, household income below $15,000 for the colonia population initially
had a statistically significant correlation with shadow evacuation (r = -0.16, p < 0.01) but
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became statistically not significant in the regression model. This may be due to the influence of
mediating variables with higher correlations to income below $15,000.
This study employed a multistage regression model. The first step of the model (i.e., the
logistic regression) revealed that in the colonia sample, expected injury had an inverse
relationship (i.e., was negatively correlated) with shadow evacuation. This was an unexpected
outcome because it was expected that higher perceptions of personal or community injury
and/or death would have a positive association with shadow evacuation. The correlation matrix
revealed that having an annual household income below $15,000 was highly correlated with
expected injury (r = 0.32, p < 0.01), which suggests that in colonias, households with an annual
household income below $15,000 have higher perceptions of risk associated with personal or
community injury and/or death. Contrary to what was hypothesized, this reduces the likelihood
of shadow evacuation in this group and suggests that higher perceptions of risk of injury and/or
death act as an inhibitor to shadow evacuation.
Expected injury had the strongest effect on and greatest odds of association with
shadow evacuation in the colonia sample (Exp(B) = 0.59, p < 0.01); however, its inverse
relationship with shadow evacuation was not as predicted. Thus, a linear regression with
expected injury as the dependent variable was performed to examine which variables mediate
the effects of expected injury on shadow evacuation in the colonia sample. For this analysis, a
linear regression was most appropriate because expected injury was measured on a Likert
scale and would be best to model the relationship between the expected injury and the other
independent variables in the colonia sample.
Hypothesis 14 (when other variables are controlled in the prediction of perceived risk,
age, gender, race, education, income, number of vehicles, previous hurricane experience,
personal preparedness, and information sources will all have statistically significant regression
coefficients) was partially supported by the correlations analysis, in which language preference
for Spanish (r = 0.39), education (r = -0.25), annual household income less than $15,000 (r =
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0.32), information sources (intermediary: r = 0.24; authoritative: r = 0.22; peers: r = 0.11), and
personal preparedness (r = 0.16) all had statistically significant correlations with expected injury.
However, the linear regression indicated that of these variables, only preference for Spanish as
the language of choice for survey completion (B = 0.51) and income less than $15,000 (B =
0.29) had a statistically significant effect on (i.e., were significant predictors of) colonia
respondents’ perceptions of expected injury. The results of the linear regression are indicated in
Table 4.8 below.
Table 4.8
Linear Regression
Unstandardized
coefficients
Predictors
B
Std. Error
(Constant)
-0.76
0.74
Spanish
0.51**
0.15
preference
Age
0.00
0.00
Female
-0.24
0.12
White
0.08
0.35
Education
0.00
0.03
Low income
0.29*
0.14
No. of vehicles.
-0.03
0.25
Authoritative
-0.01
0.07
info. sources
Intermediary
0.13
0.08
info. sources
Peer info.
-0.05
0.06
sources
Previous
hurricane
0.00
0.13
experience
Personal
0.03
0.02
preparedness
Dependent Variable: Expected Injury
*Significant at p < 0.05
**Significant at p < 0.01

Standardized
coefficients

95%
Confidence
interval for B
Lower Upper
bound bound
-2.22
0.70

Beta

t
-1.02

Sig.
0.31

0.21

3.47

0.00

0.22

0.80

-0.03
-0.10
0.01
-0.01
0.12
-0.01

-0.61
-1.97
0.23
-0.12
2.04
-0.12

0.55
0.05
0.82
0.90
0.04
0.90

-0.01
-0.48
-0.60
-0.07
0.01
-0.53

0.01
0.00
0.76
0.06
0.57
0.47

-0.01

-0.15

0.88

-0.14

0.12

0.10

1.49

0.14

-0.04

0.29

-0.04

-0.79

0.43

-0.18

0.08

0.00

0.04

0.97

-0.26

0.27

0.06

1.06

0.29

-0.02

0.08

In summary, the correlation analysis revealed that in the urban population, personal
preparedness and age were the only variables to be significantly correlated with shadow
evacuation. In the colonia sample, previous hurricane experience, expected damage, expected
injury, expected disruption, and personal preparedness were all significantly correlated with
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shadow evacuation. The logistic regression analysis, however, revealed that the only significant
predictors of shadow evacuation were personal preparedness in urban areas, and previous
hurricane experience and expected injury in the colonias. Furthermore, to examine the effects of
a potentially mediating variables on the inverse relationship between expected injury and
shadow evacuation in the colonias, a linear regression was conducted with expected injury as
the dependent variable. This regression revealed that a preference for Spanish and income less
than $15,000 were both significant predictors of colonia respondents’ perception of expected
injury. These findings and their implications for practice and policy are discussed in the following
chapter.
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Chapter 5: Discussion and Conclusion
This chapter synthesizes and discusses the results of the study, and presents some
implications for practice, recommendations, and opportunities for further research. The central
research question of the study was: When demographic characteristics, household context,
previous hurricane experience, personal preparedness, and information sources are controlled
together into a prediction model of shadow evacuation in the Rio Grande Valley, in the event of
a hypothetical hurricane evacuation, how does each predictor affect shadow evacuation? The
study sought to determine which independent variables were predictors of shadow evacuation
and what effect these predictors had on shadow evacuation in the event of a hypothetical
hurricane in the VSA. Overall, the analysis revealed that previous hurricane experience,
personal preparedness, and risk perception are significant predictors of shadow evacuation in
the VSA. Furthermore, residents from the colonias of the VSA had a slightly higher rate of
shadow evacuation than residents from the urban areas, and the impacts of the proposed
determinants revealed some variance between urban areas and colonias. The findings of this
study may help local authorities better understand the causes of shadow evacuation so that
hurricane evacuation planning, hurricane risk communication, and public education efforts to
curb unnecessary evacuation can be improved. The remainder of this chapter provides a more
detailed discussion of the results of the study and their implications.

5.1 Features of Shadow Evacuation in the Valley Study Area
An objective of the study was to describe the features of shadow evacuation in the VSA.
With respect to demographic characteristics of the sample, younger respondents generally had
higher odds of shadow evacuation compared to older residents. An exception was seen for age
cohort 56 to 69 in the urban areas, which demonstrated a lower likelihood for shadow
evacuation compared to those aged 70 and above. This confirms assertions in previous studies
(e.g., Thompson et al., 2017) that although older age is associated with lower likelihood of
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evacuation, this association is not characterized by any degree of uniformity. With respect to
gender, the findings support previous studies that have found a correlation between the female
gender and a tendency toward evacuation, although the correlation was not statistically
significant in either type of community. Finally, when the variable language preference was
substituted for the variable race, there was a tendency for English-preferring respondents to
have lower odds of shadow evacuation in the urban areas but higher odds of shadow
evacuation in the colonias, compared to respondents who preferred to complete the survey in
Spanish. Overall, these findings are generally consistent with studies showing that demographic
factors have demonstrated a mixed level of reliability as determinants of evacuation decisionmaking (Huang et al., 2015; Solis et al., 2009). However, because previous literature has
focused predominantly on more general evacuation behaviour, further studies are required to
confirm the effects of these variables on shadow evacuation, specifically. Moreover, these
findings also confirm conclusions drawn in previous literature (e.g., Bowser & Cutter, 2015), that
to increase confidence in the effects of demographic characteristics, they should be studied in
concert with other factors that intersect with these variables. Not only are further studies
required to confirm the effects of these variables on shadow evacuation, these studies must
also examine the relationship between demographic characteristics and other potential
predictors of shadow evacuation to understand the effects of mediating variables.
With respect to household context, respondents with an annual household income above
$15,000 generally had lower odds of shadow evacuation in urban areas and higher odds of
shadow evacuation in colonias, compared to respondents who reported having an annual
household income less than $15,000. This finding supports previous studies that asserted that
even though households with higher incomes have the means to evacuate, they may also
possess the means necessary to remain in place to protect their property (Whitehead, 2003;
Smith, 1999). With respect to education, respondents who attained an education level greater
than high school graduation had lower odds of shadow evacuation than those who had not
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completed high school. The odds of shadow evacuation decreased with an increase in
education level. However, in the colonias, higher levels of education attainment only resulted in
slight decreases in the likelihood of shadow evacuation, illuminating the possibility that
education may have less of an effect on shadow evacuation in these areas, compared to urban
areas. Furthermore, these findings confirm assertions from previous studies that there is limited
and inconsistent evidence of an association between socioeconomic factors, such as education
and income, and evacuation tendency (Baker, 1991; Huang et al., 2017; Lazo et al., 2015;
Meyer et al., 2018; Thompson et al., 2017). Finally, the greater the number of registered motor
vehicles in a household in the urban areas, the greater the likelihood for shadow evacuation.
Conversely, the greater the number of registered motor vehicles in a household in the colonias,
the lower the likelihood for shadow evacuation. Overall, these findings confirm the earlier
assertion that studies on the effects of household context on evacuation decision-making have
generated mixed results, and also reveal the importance of accounting for factors such as
having a safe or desirable destination and cost of evacuation when examining why households
in the colonias with access to motor vehicles would be less likely to shadow evacuate.
With respect to previous hurricane experience, respondents in both urban areas and
colonias who had no previous hurricane experience had higher odds of shadow evacuation than
those who had previous hurricane experience. This finding is inconsistent with those of previous
studies (e.g., Bowser & Cutter, 2015) that have found that greater inclination to evacuate during
subsequent storms tends to be associated with having previous experience during hurricanes.
Furthermore, lower levels of personal preparedness resulted in higher odds of shadow
evacuation in both urban and colonia samples. This finding supports the literature that asserted
that being better prepared at a personal level reduces the risk and impact of hazards (Basolo et
al., 2017; Levac et al., 2012), and therefore lower levels of personal preparedness may lead
households who do not need to evacuate to feel less prepared to protect themselves and their
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homes in the event of impact, including impacts from secondary hazards that can occur further
inland.
Finally, in urban areas and colonias, greater reliance on intermediary and authoritative
information sources generated lower odds for shadow evacuation. Minimal or moderate reliance
on peers as an information source generated lower odds for shadow evacuation in urban areas,
but higher odds for shadow evacuation in colonias. These findings are partially consistent with
previous research on the effects of various types of information sources on evacuation decisionmaking. For example, the decreased likelihood for shadow evacuation among households who
rely on intermediary and authoritative sources may support Baker’s (1991) and Huang et al.’s
(2015) assertion that warnings from official sources are strong predictors of evacuation
decision-making due to public confidence in their hazard knowledge and accuracy. However, it
is peculiar that minimal or moderate reliance on peers as an information source generated
higher odds for shadow evacuation in colonias since the generation and dissemination of
misinformation can sometimes be characteristic of informal sources. As stated previously, this
association may be explained by the influence of other mediating variables, including risk
perception. Similarly, some studies (e.g., Kyne et al., 2019) have found that personal judgement
plays a more integral role in evacuation decision-making than informal sources of information.
However, this finding further reinforces the importance of studying the influence of social ties on
evacuation decisions.
In their 2018 study, Metaxa-Kakavouli et al. studied how social ties influence hurricane
evacuation behaviour by examining the connection between social capital (i.e., resources
embedded in social networks) and evacuation choices. The researchers used data available
through social media to examine the connection between various levels of social capital and
evacuation behaviour across previous hurricanes. A key finding of the study was that having
more friends on Facebook was associated with a lower likelihood of evacuation (MetaxaKakavouli et al, 2018). They also found that when people have broad-reaching networks that
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extend beyond their immediate community, they more commonly evacuate, and asserted that
this behaviour may be explained by higher degrees of comfort with relocation due to available
supports in locations that are further away. Further studies are required to understand why
respondents from the colonias who had minimal reliance on peers (including social media) had
higher odds of shadow evacuation. Research should seek to examine the extent to which
households in the colonias rely on peers and how they are engaged (e.g., through social media,
community groups, and direct interaction with neighbours, friends, and family). It should also
examine which social media platforms respondents in the colonias rely on the most, who they
tend to follow on social media (e.g., family and friends, politicians, authoritative sources), and
the extent to which they actively turn to these information sources when deciding whether to
evacuate or stay.
Per the results of the data analysis described in Chapter 4, income had the least overlap in
confidence intervals between the urban and colonia samples, indicating a possibility that there is
some significance to the difference between respondents from the two types of communities.
However, further evidence and research is required to confirm this.

5.2 Predictors of Shadow Evacuation: Urban Sample
Personal preparedness produced the strongest effect in predicting shadow evacuation
among urban respondents. The results of the analysis demonstrate that in the urban areas of
the three counties of the VSA, it is not respondents’ risk perception that motivates their intention
to stay or shadow evacuate, but rather how prepared they feel to deal with the impacts of
hurricanes and any secondary hazards. This means that the urban sample did not follow the
hypothetical model, which predicted that risk perception would mediate the effects of the
potential predictors (i.e., the independent variables) on shadow evacuation (i.e., the dependent
variable). Moreover, in the urban areas of the VSA, shadow evacuation seems to occur
randomly, but residents with higher levels of personal preparedness are less likely to shadow
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evacuate. This implies that personal preparedness is a predictor that can reduce shadow
evacuation in the urban areas of the VSA. It may also imply a level of understanding of the
hazards among the urban respondents such that it motivates personal preparedness and
includes the consequences of evacuating unnecessarily. Although the data analysis on the
urban sample did not reveal specific motivations that could spur households into evacuating
unnecessarily, it did illuminate a potential prohibitor (i.e., personal preparedness) that may
effectively reduce shadow evacuation in the VSA. However, further studies are needed to
explore the association between personal preparedness and shadow evacuation, and to
determine what factors may plausibly be causing the potential for shadow evacuation from the
urban areas of the VSA.

5.3 Predictors of Shadow Evacuation: Colonia Sample
The variables that produced the strongest effects in predicting shadow evacuation
among respondents from colonias were previous hurricane experience and expected injury. The
finding that previous hurricane experience is negatively correlated with shadow evacuation
supports some studies on the effects of previous storm experience on evacuation in subsequent
storms (e.g., Kyne et al., 2019; Okabe & Mikami, 1981) while contradicting others (e.g., Bowser
& Cutter, 2015). At best, this finding further emphasizes that the effect of previous hurricane
experience on evacuation decision-making requires further examination, particularly because
defining and measuring hurricane experience is challenging (Baker, 1991; Lindell, Lu et al.,
2005). The complexity of previous hurricane experience is made more intriguing by the
understanding that, on one hand, fear of a phenomenon that has not been previously
experienced can lead to unnecessary evacuation, while others who have survived previous
hurricanes may be more inclined to stay and face subsequent storms. Because many variables
influence the evacuation decision-making process, it is difficult to accurately measure previous
experience and to understand the characteristics that can distinguish between how one person
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or community experienced a previous storm compared to others. It is also possible that
response bias played a role in how people recalled a memory or experience which then
influenced how they responded to the question about their previous hurricane experience.
Further studies should focus on the possibility that socio-economic variables may mediate the
relationship between previous hurricane experience and shadow evacuation in the colonias of
the VSA.
It was unclear why expected injury had a negative correlation to shadow evacuation.
This implies that higher perceptions of risk of personal injury or death correlates with lower
instances of shadow evacuation, which contradicts previous studies that found that higher levels
of risk perception correlate with increased instances of evacuation (e.g., Meyer et al., 2018;
Stein et al., 2013; Tahsin, 2014; Whitehead et al., 2000). One factor that may answer why
higher perceptions of expected injury result in a reduced possibility of shadow evacuation in the
colonias may have to do with issues of internal validity. Internal validity is the degree to which a
study can establish that a specific factor actually causes a difference in behaviour (Mitchell &
Jolley, 2013). While this study intended to measure a specific behaviour (shadow evacuation),
the study may have inadvertently measured evacuation intention in general, rather than only
shadow evacuation. This implies that expected injury may not just be an inhibitor of shadow
evacuation, but of evacuation in general.
Another possible explanation for why expected injury was negatively related to shadow
evacuation is the effect of other variables. The linear regression revealed that when expected
injury is the dependent variable, both language preference for Spanish and annual household
income under $15,000 were positively and significantly associated with expected injury. This
means that both language preference for Spanish and income under $15,000 mediate the
effects of expected injury on shadow evacuation. Because both variables had statistically
significant associations with expected injury in the linear regression, they represent two different
groups of respondents. Therefore, respondents in the colonias of the VSA who preferred to
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complete the survey in Spanish had higher perceptions of risk of expected injury, which, in turn,
inhibits their intention to shadow evacuate. This finding is significant in the context of evacuation
decision-making because language plays an integral role in how hazard and risk information is
communicated, and how it is received, interpreted, and understood by the recipients, through all
phases of a hazard event. Furthermore, respondents from the colonias of the VSA who reported
having an annual household income under $15,000 had a higher perception of risk of expected
injury as well as a reduced likelihood of shadow evacuation. This means that lower income
households in the colonias of the VSA expect to face injury or death, but their risk perception
does not motivate them to shadow evacuate. One potential explanation for this could be that
lower income households in the colonias of the VSA expect to face injury or death during the
actual evacuation process, and not necessarily from the hurricane itself or any secondary
hazards if they remain in place. Additionally, lower income households may have limited access
to vehicles and therefore cannot follow-through on an inclination to evacuate even when they
think they should. Other possible explanations may include negative experiences during
previous hurricanes, mistrust of government officials and/or local authorities, and lack of
resources available to aid in the evacuation process (e.g., no reliable destination, care for
elderly household members, and accessibility concerns). Moreover, the evacuation experience
overall can be costly, especially when time away from work, transportation costs, and
accommodation costs are factored in (Connolly et al., 2020). Therefore, despite heighted
perceptions of risk associated with personal injury or death, lower income households in the
colonias may be more inclined to accept the risks associated with staying, especially if they
cannot afford the cost of evacuation. Further studies are needed to explore these and other
possibilities for why a higher perception of risk of injury or death is an inhibitor to shadow
evacuation in the VSA’s colonias, as well as investigation into whether lower income
households in these areas are less likely to evacuate in general.
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Finally, annual household income below $15,000 in the colonia sample initially had a
statistically significant correlation with shadow evacuation, but the relationship became nonsignificant in the regression model. A possible explanation for this change in statistical
significance is the influence of one or more mediating variables that had higher correlations with
annual household income below $15,000. For example, annual household income under
$15,000 is highly correlated with vehicle ownership and risk perception (expected damage,
expected injury, and expected disruption). This means that lower income households in the
VSA’s colonias have higher perceptions of hurricane-related risks and are less likely to own
vehicles. Therefore, vehicle ownership and risk perception mediated the effect of annual
household income under $15,000 on shadow evacuation, which could explain why the effect
was significant in the correlation matrix but became non-significant in the logistic regression
model. This may also imply that lower income households bear other vulnerabilities that would
prevent them from evacuating, despite their heightened risk perceptions. Nonetheless, further
research is needed to better understand why lower income households’ heightened perceptions
of risk would not spur them into action and motivate them to shadow evacuate.

5.4 Implications for Practice
Public Education
This study has revealed some implications for policy and practice that emergency
management practitioners and local officials in the VSA may find informative. These findings
may help practitioners and policymakers better understand the causes of shadow evacuation in
the VSA so that hurricane evacuation planning, risk communication, and public education efforts
can be modified to curb unnecessary evacuations that can impede the evacuation experience of
those who truly need to evacuate. Firstly, the significance of personal preparedness as a
predictor of shadow evacuation in the urban sample signals the important role that public
education on household preparedness can play in further reducing shadow evacuation in the
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VSA. More specifically, public education campaigns that are geared toward hurricane-related
hazards and risks could prove to be immensely effective in reducing unnecessary evacuations if
they provide information about personal preparedness not only in the more traditional sense
(e.g., items that households should possess in a disaster supply kit, family emergency plans,
purchasing flood insurance), but also include information on the hurricane-related hazards and
risks based on risk area and evacuation zone. Furthermore, public education programs should
include critical information on what resources households that do not need to evacuate can rely
on either in their own community or within their own home, and this information should be
disseminated by public officials and media outlets in the event of an approaching hurricane.
Finally, a close examination of the factors that inhibit people’s ability to be better prepared in the
event of a hurricane is required. Factors such as cost, access to vehicles, and limited
knowledge about how to prepare may act as barriers to preparedness and negatively affect
evacuation decision-making for households that are unable to afford and/or retrieve resources
that are integral to being better prepared.
In addition to household personal preparedness, public education campaigns may help
to further reduce shadow evacuation in the VSA by dedicating programs specifically to educate
the public about their respective risk areas, including those who live further inland. By having a
focus that is inclusive of residents who live outside of official evacuation zones, it may be
possible to effectively reduce the intention to shadow evacuate on the part of those who would
not be required to leave but may choose to do so. In other words, it would not suffice to limit
public education programs to those who reside in official hurricane risk areas and evacuation
zones, or to assume that those who do not have the awareness and information they need to
make an informed decision. Understanding one’s personal and community exposure to risk with
greater accuracy could be integral to improving household and overall community resilience,
and could effectively offset the impact of shadow evacuation and therefore reduce the demands
on overall evacuation efforts.
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Hurricane Risk and Risk Communication
In addition to public education programs focused on personal preparedness, further
consideration should be given to communications about hurricane risk areas, hurricane-related
risks, and risks associated with shadow evacuation. Timely and effective risk communication is
essential for ensuring public safety, and public officials must communicate to the public the best
place for safety in the event of a hurricane. In addition to communicating pertinent evacuation
information to those who reside in hurricane risk areas that will be required to evacuate, public
officials must also effectively communicate to those who do not need to evacuate about their
best place for safety (i.e., shelter-in-place). They must also communicate the risks that potential
shadow evacuees can pose to themselves and to those who truly need to evacuate if they
evacuate when they do not need to.
This study indicates that previous hurricane experience has the potential to affect
shadow evacuation intention in the VSA, particularly in the colonias. Therefore, emergency
managers and public officials need to carefully consider their target audiences when developing
and disseminating hurricane risk communication, and ensure that messaging can effectively
reduce the effects of previous hurricane experience on shadow evacuation by clearly
establishing and communicating hurricane risk areas and evacuation zones and distinguishing
between them in terms of whether the appropriate action is to evacuate or stay based on the
risks posed to each area or zone. Finally, officials who are responsible for planning the
coordination of safe and effective evacuations must contend with the knowledge that risk is
personalized and interpreted in a multitude of ways, and that residents’ perception of hurricanerelated risks may conflict with the criteria that emergency planners use to establish more
objective measures of risk, and this lack of agreement can affect adherence to evacuation and
shelter-in-place messaging.
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Social Vulnerability
This study indicates that several socio-economic factors (e.g., income, access to
vehicles, and language) have the potential to affect shadow evacuation intention in the VSA,
particularly in the colonias. In particular, the study revealed that residents from the VSA’s
colonias who have a high perceived risk of injury or death but would likely not shadow evacuate
tend to be lower income families and households that preferred to communicate in Spanish.
Both variables (preference for Spanish and annual household income below $15,000) had a
statistically significant association with expected injury in the linear regression, which means
these variables represent different groups. This implies that Spanish-speaking households and
lower income households both have higher perceptions of risk related to injury or death.
Although the study revealed that these respondents were less likely to shadow evacuate, these
findings confirm the need to include socio-economic vulnerability in the study of shadow
evacuation in the VSA. Assessments of community risks should include a vulnerability analysis
of the VSA’s colonias to determine which factors could potentially limit households’ ability to
evacuate in the event of a hurricane that would require them to. In other words, although the
findings of the study suggest that lower income households in the VSA’s colonias are less likely
to shadow evacuate, this could also mean that these and other households may be too limited
by their social and economic contexts to evacuate if they truly needed to.
Finally, it is also important to acknowledge that hurricanes can cause significant
breakdowns in infrastructure, and these impacts can be particularly debilitating in areas that are
inadequately equipped to deal with the impacts of secondary hazards, such as inland flooding
and tornadoes, which can be spawned by hurricanes. Additionally, residing in or near flood
zones can pose significant challenges with respect to dealing with high winds and heavy rain.
Therefore, it is possible that people would choose to shadow evacuate in order to avoid the
negative impacts (e.g., power outages, flooding, and road closures) that affect areas outside of
the official hurricane risk areas and evacuation zones.
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5.5 Study Limitations
Bias, Validity, and Reliability
This study has some limitations. First, the study yielded a relatively small sample size,
which constrained the extent of the data analysis. For example, the initial intent was to compare
the effects of potential predictor variables on shadow evacuation not only by community type,
but also by risk area (i.e., Barrier Islands, Risk Areas 1 to 5, and inland areas). Due to the
sample size, it was not possible to ensure adequate representation in the sample population
across the risk areas. Furthermore, the data was collected as part of a previous study on
hurricane evacuation behaviour in the VSA. The sample population provided responses about
their prior evacuation decisions and their anticipated evacuation decisions to a hypothetical
hurricane event, and there can be a difference between what people say they would do and
what they would actually do. A study by Long et al. (2019) asserted that studies that use such
questionnaires can be subject to the limitations associated with respondents’ subjective
interpretation of storm warning and risk assessments. The study corroborated Baker’s (1991)
assertion that it is challenging for respondents of evacuation studies to articulate their decisionmaking process accurately. However, Baker (1991) also stated that such studies provide a
starting point for understanding evacuation decision-making and behaviour. Additionally, it is
important to acknowledge that what respondents say they will do in the event of a hurricane
may be different from what they will actually do when they are faced with hurricanes and their
associated hazards and risks.
Furthermore, the data was first collected, analyzed, and reported between 2012 and
2013. Since then, residents of the VSA may have either directly experienced or observed the
impacts of more recent hurricanes along the U.S. Gulf Coast. This may affect the validity of
predictions the study makes about the potential for shadow evacuation in the VSA. Finally, the
original data was collected to examine how hurricane risk area residents would respond to a

109

hurricane evacuation warning; it did not seek to identify the determinants of shadow evacuation,
specifically, or to explain the potential rate of shadow evacuation in the VSA. Because the study
did not focus on shadow evacuation specifically, data required re-coding such that it could be
transposed to explain the potential determinants of this specific phenomenon. As a result, there
is a possibility that the study not only measured shadow evacuation intention, but intention to
evacuate in general. Moreover, the independent variables of the study were, in-part, informed
by those of the initial study for which the data was collected. The variable race was measured
based on respondents’ answer to Question 19 of the survey, which asked respondents to
identify their race. A limitation with this variable is that over 97% of respondents identified
themselves as being White, thereby limiting the ability to conduct a comprehensive analysis of
the effects of race on shadow evacuation. Therefore, a replacement variable was required, and
the next logical choice of the variable ethnicity was characterized by missing data. To conduct a
viable comparison based on an identifier similar to race, the variable language preference was
used. A benefit of using this variable is that it did not have any missing data. The intent of the
analysis was to examine whether there was a difference in shadow evacuation intention
between respondents who preferred to complete the survey in English and those who preferred
to complete it in Spanish. However, a limitation with using this variable is that it cannot safely
allow researchers to make conclusions about Spanish-speaking and English-speaking
populations with a great degree of confidence because a preference to complete a survey in
one language over another does not necessarily denote an overall preference for that language.
Moreover, language preference cannot allow one to draw conclusions about a population based
on their race, nor can it be used as a viable substitute for race. As a result, further research is
needed to study the effects of race on shadow evacuation.
Other limitations of the study include missing data and generation of bias. The
descriptive statistics for this study were conducted after the data set was treated by the
expectation-maximization algorithm. Therefore, the findings for the descriptive statistics of the
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analysis include missing data, thereby generating some degree of bias in the results.
Furthermore, some of the Cronbach’s alpha values calculated for group reliability on the
variables information sources and risk perception were low. This is due to the fact that the
Cronbach’s alpha was calculated on only three items for each variable (i.e., information sources
were grouped as intermediary sources, authoritative sources, and peers; risk perception was
grouped as expected damage, expected injury, and expected disruption). The values would
have been more meaningful and more reliable (i.e., greater than 0.7) had there been more than
three items for each of these variables. Furthermore, caution should be exercised in attempting
to generalize the findings of this study to the remaining counties of the RGV, and beyond. The
sample population for this study represents residents of three out of four RGV counties:
Cameron, Willacy, and Hidalgo. As explained in Chapter 1, it does not include respondents from
Starr County. Therefore, although the data provides insights into the potential for shadow
evacuation among the urban and colonia populations from the RGV, the VSA was limited to only
the three counties mentioned above.
Finally, the study did not factor perceived vulnerability into the measurement of risk
perception. Though risk perception was measured based on respondents’ perceived risk of
expected damage, expected injury or death, and expected disruption, future studies should aim
to include not only expected impacts, but pre-disaster vulnerability (e.g., vulnerability of
property, neighbourhoods, and infrastructure) to gain a more accurate perspective of how
respondents perceive their personal risk.

Challenges to Survey Administration
One of many challenges to survey-based research is determining the appropriate data
collection method and whether a mix of methods will optimize the results based on the research
questions and restrictions of the study (de Leeuw, 2005). Some studies refer to the use of
multiple methods of data collection as “mixed-modes,” an approach that has become
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increasingly popular in survey-based studies, including in fields of study that include regional
comparisons (de Leeuw, 2005). Given the longevity of mail and face-to-face surveys, de Leeuw
(2005) asserted that the merging of these two early forms of data collection is not surprising,
and that mixed-mode surveys are a norm in present time. Combining two surveying techniques
(i.e., the mail survey and the personal contact survey) for the sample population in the VSA was
an appropriate approach for the context in which the initial study was conducted, but, like any
research design, is characterized by advantages and limitations. For example, mail surveys
have the advantage of allowing the respondent to assume greater control over their responses
and reduce the chances for persuasion, whereas surveys conducted through personal
interviews place the control over pace and flow with the interviewer (de Leeuw, 2005). On the
other hand, mail surveys limit the control the researcher has over which member of each
household completes the survey, while surveys conducted through personal interviews are a
more flexible form of data collection and generally obtain higher response rates (de Leeuw,
1992; de Leeuw, 2005). Nonetheless, mixed-mode designs provide researchers with
opportunities to compensate for the weaknesses of each individual mode while keeping overall
costs low (de Leeuw, 2005).
More importantly, low literacy levels have been shown to preclude mail surveys,
especially considering electronic equipment can be less reliable in areas where living conditions
are substandard (de Leeuw, 2005). This is of importance to note for this study because of the
significant language impediments and low level of literacy that characterized the VSA. Finally,
studies have consistently shown that self-administered forms of data collection, such as mail
surveys, perform better than interview-modes when the questionnaire involves sensitive
questions (de Leeuw, 1992). Given this combination of strengths and limitations of each
individual design approach, the geographic, social, and economic context in which the initial
study was conducted justifies the use of a mixed-mode design that relies on both self-
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administered mail surveys as well as surveys conducted through personal interviews in the
colonias.

5.6 Conclusion and Recommendations for Future Research
This study underscores the need for further research on hurricane evacuation decisionmaking that is focused specifically on shadow evacuation, both in the urban areas and colonias
of the VSA. The key findings of this study are that personal preparedness is a significant
predictor of shadow evacuation that could effectively reduce the behaviour in the urban areas,
and previous hurricane experience and risk perception (i.e., expected injury or death) are
significant predictors of shadow evacuation in the colonias. Furthermore, risk perception was,
unexpectedly, inversely related to shadow evacuation in the colonia sample. While some of the
findings support previous studies about hurricane evacuation decision-making, others contradict
the conclusions that have been previously made. Future studies on the effects of previous
hurricane experience on shadow evacuation should consider the spectrum of storm
experiences, and how factors such as storm category, damage to property, and injury or loss of
life influence their intention to evacuate in subsequent storms. Additionally, the urban sample
did not follow the prediction of the conceptual model and hypothesized path for the study,
revealing that it is not risk perception that drives residents in the urban areas to shadow
evacuate.
Furthermore, future research should look to further examine the factors that could cause
shadow evacuation in urban areas. While this study revealed that personal preparedness is an
inhibitor of shadow evacuation in the urban areas of the VSA, it did not reveal any predictors
that could be causing shadow evacuation in these areas. Future research should also give
attention to understanding why lower income families in the colonias of the VSA are less likely
to shadow evacuate despite having higher risk perception, especially pertaining to injury and
death. This research should factor the vulnerabilities that characterize colonias and lead to
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circumstances that inhibit their decision to leave. This is of utmost importance because while
lower income households with higher risk perceptions may be less likely to shadow evacuate
from the colonias of the VSA, this may also mean that they are less likely to evacuate
altogether.
Additionally, future studies should examine the role of language in evacuation behaviour
and decision-making. For example, the study revealed that in the VSA’s colonias, respondents
who preferred to complete the survey in Spanish had higher perceptions of risk of injury or
death, yet their risk perception would not motivate them to shadow evacuate. This raises a
number of questions in understanding this situation, such as whether Spanish-speaking
households have a more accurate understanding of their hurricane risk areas, whether
information on hurricane risks and evacuation areas is communicated with great effectiveness in
Spanish, or whether Spanish-speaking households tend to be amongst the more vulnerable
who are unable to evacuate due to resource constraints. One possibility that merits further
exploration is whether households’ heightened risk perception pertaining to injury or death is
more related to their exposure during the evacuation process itself than to the impacts that
could be experienced if they stay.
Finally, though it is important to continue investing in behavioural studies as a means of
contributing to the broader body of research on hurricane evacuation decision-making, these
studies should be accompanied by follow-up post-hurricane studies to determine how close the
actual behaviour of residents was to their intended behaviour. Though this process can be
fraught with challenges, especially when residents of impacted areas become displaced for the
long-term, it is still imperative that studies aim to illuminate whether the factors that predict
evacuation behaviour, including shadow evacuation, in hypothetical hurricanes are the factors
that influence evacuation behaviour during a real hurricane. Moreover, the Texas Gulf Coast
has been affected by hurricanes since the survey for this study was administered in 2012 and
2013. Future research in this area should include post-hurricane surveys to both the urban
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areas and the colonias of the VSA to determine whether the predictors of shadow evacuation
that were illuminated in this study (i.e., personal preparedness, previous hurricane experience,
and risk perception) held true in a real hurricane event, and whether any new predictors could
be revealed. Overall, further studies are needed to explore the key findings of this study and to
better understand the effects of the predictors on shadow evacuation.
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